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At  5  C,  In  nonbuf fared  purified  water  (reasonably  analagous  to  ROWPU-treated  water)  at 
pH  9.0,  .1  mg/L  of  free  chlorine  (FC)  Inactivated  99.99X  of  poliovirus  1  In  110  minutes  and 
3  mg/L  of  FC  Inactivated  99^99X  of  the  virus  In  about  27  minutes,.  If  tailing  occurs  (and  It 
usually  does)  a  margin  of  safety  must  be  added  to  a  treatment  standard  for  this  alcne.  And 

(since  there  are  undoubtedly  enteric  viruses  more  FC-resIstant  than  the  poliovirus  used  In 
these  studies,  the  military  treatment  standard  of  5  mg/L  for  30  minutes  at  any  temperature 
and  any  pH  may  be  Inadequate  for  ROWPU-treated  water. 

At  5  C,  526  mg/L  of  kCl  <250  mg/L  Cl  ,  a  level  far  below  the  military’s  6(X)  mg/L 
j permissible  maximum  for  drinking  water)  potentiated  the  Inactivation  by  FC  at  pH  9.0  of 
1  poliovirus  1  In  nonbuffered  purified  water.  In  nonbuffered  purified  water,  526  mg/L  of 
,KC1  Increased  the  poHojIdal  effectiveness  of  FC  by  70011.  Under  the  same  circumstances, 

1,262  mg/L  (600  mg/L  Cl  ,  the  maximum  level  acceptable  by  the  military  for  drinking  water) 
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increased  the  poliocidal  effeq 


tiveness  of  FC 


by  UOOX. 


At  5  C,  poliovirus  1  was  inactivated  by  FC  at  pH  9,0  more  than  9  times 
more  rapidly  in  nonbuffered  tap  water  than  in  non-buffered  purified  water 
suggesting  that  KC1  with  or  4ithout  other  ions  in  tap  water  potentiated  the 
virucidal  effectiveness  of  FCj 


Potassium  chloride  did  nqt  potentiate  the  poliocidal  effectiveness  of 
FC  at  pH  9,0  to  nearly  the  dedree  in  nonbuffered  tap  water  that  it  did  in  non¬ 
buffered  purified  water  suggesting  that  ions  present  in  tap  water  potentiated 
the  virucidal  effectiveness  of  FC, 


FC  inactivated  poliovirus  1  at  pH  9,0  more  than  3  times  more  rapidly  in 
borate-buffered  (O.OSH)  purifijed  water  than  in  nonbuffered  purified  water 
suggesting  that  the  buffer  ioWs  potentiated  the  virucidal  effectiveness  of  the 
FC.  Clearly,  disinfection  stiidies  should  not  be  done  in  buffers  without  first 
determining  the  virucidal  potentiating  effect  of  the  buffers. 
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borate  buffer  to  a  lesser  deg 
indicating  that  buffer  ions  p 
tnat  a  maximum  ion  effect  exi 


iated  the  virucidal  effectiveness  of  FC  in  0.05  n 
rjee  than  in  nonbuffered  purified  water  further 
dtentiated  the  virucidal  effectiveness  of  FC  and 
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Potassium  chloride,  at  a 
effectiveness  of  FC  at  ^  4.5 
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in  borate-buffered  purified  wi 


level  1,  262  mg/L,  potentiated  the  virucidal 
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Sted  the  virucidal  effectiveness  of  FC  at  pH  9,0 
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SUMMARY 

1.  At  S^C,  In  nonbuffamd  puriflad  (carbon- flltarad,  dalonized)  water 
(raaaonably  analogoua  to  ROVFU- treated  water)  at  pH  9.0,  1  ng/L  of  free 
chlorine  (FC)  inactivated  99.99%  of  pollovlnia  1  In  110  alnutaa,  and  5 
■g/L  of  FC  Inactivated  99.99%  of  the  vlrua  In  about  27  nlnutea.  If 
tailing  occura  (and  It  uaually  doea)  a  nargln  of  aafaty  nuat  be  added 
to  a  treatnent  atandard  for  thla  alone.  And  alnce  there  are 
undoubtedly  enteric  vlruaea  aore  FC-reslatant  than  the  pollovlnia  uaed 
In  theaa  atudiaa,  the  allltary  treataent  standard  of  S  ag/L  for  30 
alnutaa  at  any  teaperature  and  any  pH  aay  be  Inadequate  for  ROUFU- 
traated  watar. 

2.  At  50c.  526  '•g/L  of  KCl  (K+-276  ag/L,  Cl*-250  ag/L)  (a  level  of  Cl'  far 
below  the  allltary' a  600  ag/L  peralaslble  aaxlaua  for  drinking  water) 
potentiated  the  Inactivation  by  FC  at  pH  9.0  of  pollovlnia  1  In 
nonbuf farad  purified  water.  In  nonbuf fared  purified  watar,  526  ag/L  of 
KCl  Increased  the  pollocldal  effectiveness  of  FC  by  700%.  Under  the 
saae  clrcuastances,  1,262  ag/L  of  KCl  (K'*'-662  ag/L,  Cl *-600  ag/L)  (the 
aaxlaua  level  of  Cl*  acceptable  by  the  allltary  for  drinking  water) 
Increased  the  pollocldal  effectiveness  of  FC  by  1,400% 

3.  At  3<>C,  pollovlnia  1  was  Inactivated  by  FC  at  pH  9.0  aore  than  9  tlaea 
aore  rapidly  In  nonbuffered  tap  water  than  In  nonbuffered  purified 
water  suggesting  that  salts  or  their  Ions  In  tap  water  potentiated  the 
virucidal  effectiveness  of  the  FC. 

4.  Potasslua  chloride  did  not  potentiate  the  pollocldal  effectiveness  of 
FC  at  pH  9.0  to  neatly  the  degree  In  nonbuffered  tap  water  that  It  did 
In  nonbuffered  purified  water  suggesting  that  salts  or  Ions  present  In 
tap  watar  potentiated  the  virucidal  effectiveness  of  FC. 

5.  FC  Inactivated  poliovirus  1  at  pH  9.0  aore  than  3  tines  note  rapidly  In 
borate  (boric  acid  [H3BO3] {0.05M)-NaOH)  buffered  purified  water  than  In 
nonbuffered  purified  water  suggesting  that  the  buffer  Ions  potentiated 
the  virucidal  effectiveness  of  the  FC.  Clearly,  disinfection  studies 
should  not  be  done  in  buffers  without  first  detemlnlng  the  vlruclde 
potentiating  effect  of  the  buffers. 

6.  Potasslua  chloride  potentiated  the  virucidal  effectiveness  of  FC  in 
H3BO3  (0.05  H)-NaOH  buffer  to  a  lesser  degree  than  in  nonbuffered 
purified  water  Indicating  that  the  buffer  or  Its  ions  potentiated  the 
virucidal  effectiveness  of  FC  and  that  .a  aaxlaua  Ion  effect  exists. 

7.  Potasslua  chloride,  at  a  level  of  1,262  ag/L  (K+-662  ag/L,  Cl *-600 
ag/L),  potentiated  the  virucidal  effectiveness  of  FC  at  pH  4.5  In 
phthaiate-buffered  purified  water  but  to  a  lesser  degree  than  It 
potentiated  the  virucidal  effectiveness  of  FC  at  pH  9.0  In  H3BO3  (0.005 
H)-Ne0H  buffered  purified  water. 
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APPENDIX  A 


(UST  OF  TABLES  (pH  4.5  «nd  9.0]) 


Table  1.  Inactivation  of  Poliovirus  1  at  S<>C  In  Fhthalate* .  20 

Buffered  Purified  Hater  at  pH  4.5  by 
Approklnately  1  ag/L  of  Free  Chlorine  In  the  Presence 
and  Absence  of  KCl. 

Table  2.  Inactivation  of  Poliovirus  1  at  5<>C  In  Phthalata- .  22 

Buffered  Purified  Hater  at  pH  4.5  by 
Approxlaately  5  og/L  of  Free  Chlorine  In  the  Presence 
and  Absence  of  KCl. 

Table  3.  Inactivation  of  Poliovirus  1  at  5^C  In  Borate* .  24 

Buffered  Purified  Hater  at  pH  9.0  by 

Approxlaately  1  ag/L  of  Free  Chlorlno  In  the  Presence 

and  Absence  of  KCl  (Experlaent  1). 

Table  4.  Inactivation  of  Poliovirus  1  at  S^C  In  Borate* .  26 

Buffered  Purified  Hater  at  pH  9.0  by 

Approxlaately  1  ag/L  of  Free  Chlorine  In  the  Presence 

and  Absence  of  KCl  (Experlaent  2). 

Table  5.  Inactivation  of  Poliovirus  1  at  50C  In  Borate*... .  28 

Buffered  Purified  Hater  at  pH  9.0  by 

Approxlaately  5  ag/L  of  Free  Chlorine  In  the  Presence 

and  Absence  of  KCl. 


Table  6.  Inactivation  of  Poliovirus  1  at  5<>C  In  Borate* .  30 

Buffered  Tap  Hater  at  pH  9.0  by  Approxlaately  5  ag/L 
of  Free  Chlorine  In  the  Presence  and  Absence  of  KCl. 

Table  7.  Inactivation  of  Poliovirus  1  at  5°C  in  Nonbuffered .  32 

Purified  Hater  at  pH  9.0  by  Approxlaately  1  ag/L 
of  Free  Chlorine  In  the  Presence  and  Absence  of  KCl. 

Table  8.  Inactivation  of  Poliovirus  1  at  S^’C  In  Nonbuffered .  34 

Purified  Hater  at  pH  9.0  by  Approxlaately  5  ag/L 
of  Free  Chlorine  In  the  Presence  and  Absence  of  KCl 
(Experlaent  1). 

, Table  9.  Inactivation  of  Poliovirus  1  at  S^’C  in  Nonbuffered .  36 

Purified  Hater  at  pH  9.0  by  Approxlaately  5  ag/L 
of  Free  Chlorine  in  the  Presence  and  Absence  of  KCl 
(Experlaent  2). 

Table  10.  Inactivation  of  Poliovirus  1  at  S^C  In  Nonbuffered .  38 

Tap  Hater  at  pH  9.0  by  Approxlaately  1  ag/L  of  Free  Chlorine 
in  the  Presence  and  Absence  of  KCl. 


Table  11.  Inactivation  of  Poliovirus  1  at  5®C  in  Nonbuffered .  40 

Tap  Hater  at  pH  9.0  by  Approxlaately  5  ag/L  of  Free  Chlorine 
in  the  Presence  and  Absence  of  KCl. 
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APPENDIX  B 


(UST  OF  ncURES  {pH  4.5  and  9.0]) 

Plgura  1.  Inactivation  of  Pollovlrt^a  1  at  5<>C  in  Phthalata* .  44 

Buffered  Purified  Hater  at  pH  4.5  by 
Approxiaately  1  mg/L  of  Free  Chlorine  in  the  Preaence 
and  Abaenca  of  XCl. 

Figure  2.  Inactivation  of  Poliovirua  1  at  5<>C  in  Phthalate* . 45 

Buffered  Purified  Hater  at  pH  4.5  by 

Approximately  5  ng/L  of  Free  Chlorine  in  the  Preaence 

and  Abaence  of  KCl. 

Figure  3.  Inactivation  of  Poliovirua  1  at  50C  in  Borate* .  46 

Buffered  Purified  Hater  at  pH  9.0  by 

ApproxioMtely  1  ng/L  of  Free  Chlorine  in  the  Preaence 

and  Abaence  of  KCl  (Experiment  1). 

Figure  4.  Inactivation  of  Poliovirus  1  at  5<*C  in  Borate* .  47 

Buffered  Purified  Hater  at  pH  9.0  by 
Approximately  1  mg/L  of  Free  Chlorine  in  the  Presence 
and  Abaenca  of  KCl  (ExperisMnt  2). 

Figure  5.  Inactivation  of  Poliovirua  1  at  5<>C  in  Borate* .  48 

Buffered  Purified  Hater  at  pH  9.0  by  Approximately 
5  ng/L  of  Free  Chlorine  in  the  Presence 
and  Abaence  of  KCl. 

Figure  6.  Inactivation  of  Poliovirua  1  at  5<’C  in  Borate* . .  49 

Buffered  Tap  Hater  at  pH  9.0  by  Approximately  5  ng/L  of 
Free  Chlorine  in  the  Presence  and  Absence  of  KCl. 

Figure  7.  Inactivation  of  Poliovirua  1  at  50C  in  Not^uffered .  50 

Purified  Hater  at  pH  9.0  by  Approxiaately 
1  ng/L  of  Free  Chlorine  in  the  Preaence  and  Abaence 
of  KCl. 

Figure  8.  Inactivation  of  Poliovirua  1  at  5<’C  in  Nonbuffered .  51 

Purified  Hater  at  pH  9.0  by  Approxiaately 
5  ag/L  of  Free  Chlorine  in  the  Presence  and  Absence  of  KCl. 

Figure  9.  Inactivation  of  Poliovirua  1  a  5°C  in  Nonbuffered .  52 

Purified  Hater  at  pH  9.0  by  Approximate ^.y 
5  ng/L  of  Free  Chlorine  in  the  Presence  and  Absence  of  KCl. 

Figure  10.  Inactivation  of  Poliovirus  1  at  5*^0  in  Nonbuffered .  53 

Tap  Hater  at  pH  9.0  by  Approxiaately  1  ng/L  of  Free  Chlorine 
in  the  Presence  and  Absence  of  KCl. 

Figure  11.  Inactivation  of  Poliovirus  1  at  5<’C  in  Nonbuffered .  54 

Tap  Hater  at  pH  9.0  by  Approxiaately  5  ng/L  of  Free  Chlorine 
in  the  Presence  and  Absence  of  KCl. 
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Figur*  12.  Effect  of  KCl  on  the  Inactivation  of  Poliovirus  1. . 55 

(99.99%)  St  5<>C  by  Free  Chlorine  at  pH  4.5  in  Fhthalate* 

Buffered  Purified  Veter. 

Figure  13 .  Effect  of  KCl  on  Che  Inactivation  of  Poliovirus  1 ..... .  56 

(99.99%)  at  50c  by  Free  Chlorine  at  pH  9.0  in  Borate* 

Buffered  Purified  Vatar. 

Figure  14.  Effect  of  KCl  on  the  Inactivation  of  Poliovlnis  1......  57 

(99.99%)  at  5°C  by  Free  Chlorine  at  pH  9.0  in  Nonbuffered 
Purified  Hater. 

Figure  15.  Effect  of  0.05  M  Borate  Buffer  on  the  Inactivation . 58 

of  Poliovirus  1  (99.99%)  at  5°C  by  Free  Chlorine  at  pH  9.0. 

Figure  16.  Effect  of  KCl  on  the  Inactivation  of  Poliovirus  1 .  59 

(99.99%)  at  5<*C  by  Free  Chlorine  at  pH  9.0  in  Nonbuffered 
Tap  Hater . 

Figure  17.  Inactivation  of  Poliovirus  1  (99.99%)  at  S^’C  by.........  60 

Free  Chlorine  at  pH  9.0  in  Nonbuffered  Purified 
Hater  and  in  Nonbuffered  Tap  Hater. 
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APPENDIX  C 


(LIST  OF  TABLES  [pH  10.0]) 


Table  Al.  Inactivation  of  Pollovlrua  1  at  5<*C  In  Borata- . 63 

Buf farad  Purlflad  Vatar  at  pH  10.0  by  Approxlmataly 
0.63-0.65  mg/L  of  Fraa  Chlorlna  In  tha  Praaanca 
and  Abaanea  of  KCl. 

Tabla  A2.  Inactivation  of  Pollovlrua  1  at  5<>C  In  Borata- . 64 

Buf  fared  Purlflad  Vatar  at  pH  10.0  by  Approxlaataly 
0.63  ag/L  of  Free  Chlorlna  In  tha  Praaanca  and  Abaanea 
of  KCl. 

Table  A3.  Inactivation  of  Pollovlrua  1  at  S^’C  In  Borata- . ,...65 

Buffered  Purlflad  Vatar  at  pH  10.0  by  Approxlaataly 
1.3  ag/L  of  Free  Chlorlna  In  tha  Praaanca  and  Abaanea 
of  KCl. 

Table  A4.  Inactivation  of  Pollovlnia  1  at  5<’C  In  Borata- . 66 

Buffered  Purlflad  Vatar  at  pH  10.0  by  Approxlaataly 

5.63- 5.69  ag/L  of  Frao  Chlorlna  In  the  Praaanca 
and, Abaanea  of  KCl. 

Tabla  ASA.  Inactivation  of  Pollovlrua  1  at  5®C  In  Borata- . 68 

Buffered  Purified  Vatar  at  pH  10.0  by  Approxlaataly 
0.81-0.83  ag/L  of  Free  Chlorlna  In  the  Praaanca 
and  Abaanea  of  KCl. 

Tabla  A5B.  Inactivation  of  Pollovlrua  1  at  5®C  In  Borata- . 69 

Buffered  Purified  Vatar  at  pH  10.0  by  Approxlaataly 
0.61-0.77  ag/L  of  Free  Chlorine  In  tha  Praaanca 
and  Abaanea  of  KCl. 

Tabla  A6.  Inactivation  of  Pollovlrua  1  at  5®C  In  Borate- . 70 

Buffered  Purified  Vatar  at  pH  10.0  by  Approxlnataly 
0.60-1.30  ag/L  of  Free  Chlorlna  In  the  Preaence 
and  Abaanea  of  KCl. 

Tabla  A7.  Inactivation  of  Pollovlrua  1  at  5®C  In  Borate- . 72 

Buffered  Purified  Vatar  at  pH  10.0  by  Approxlaataly 
0.65-4.21  ag/L  of  Free  Chlorlna  In  the  Preaence 
and  Abaanea  of  KCl. 

Table  A8.  Inactivation  of  Pollovlnia  1  at  5®C  In  Borate- . 74 

Buffered  Purified  Vatar  at  pH  10. 0  by  Approxlaataly 
0.95-1.15  ag/L  of  Free  Chlorlna  In  the  Preaence 
and  Abaanea  of  KCl. 

Table  A9.  Inactivation  of  Pollovlrua  1  at  5®C  In  Borate- 76 
Buffered  Purified  Vatar  at  pH  10.0  by  Approxlaataly 

4.63- 4.76  ag/L  of  Free  Chlorlna  In  the  Preaence 
and  Absence  of  KCl. 
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APPENDIX  D 


(LIST  OF  FIGURES  {pH  10.0]} 


Flgur*  Al.  Inactivation  of  Poliovirus  1  at  S^C  In  Borate-... . 78 

Buffered  Purified  Water  at  pH  10.0  by  Approxloataly 
0.63-0.65  ag/L  of  Free  Chlorine  In  the  Presence 
and  Absence  of  KCl. 

Figure  A2.  Inactivation  of  Poliovirus  1  at  In  Borate- . 79 

Buffered  Purified  Water  at  pH  10.0  by  Approxlaately 
0.63  ag/L  of  Free  Chlorine  In  the  Presence  and  Absence 
of  KCl. 

Figure  A3 .  Inactivation  of  Poliovirus  1  at  5<>C  In  Borate- . 80 

Buffered  Purified  Water  at  pH  10.0  by  Approxlaately 
1.3  ag/L  of  Free  Chlorine  In  the  Presence  and  Absence 
of  KCl. 

Figure  A4.  Inactivation  of  Poliovirus  1  at  S^C  In  Borate- . ...81 

Buffered  Purified  Water  at  pH  10.0  by  Approxlaately 

5. 63- 5.69  ag/L  of  Free  Chlorine  in  the  Presence 
and  Absence  of  KCl. 

Figure  A5A.  Inactivation  of  Poliovirus  1  at  5<’C  In  Borate- . 82 

Buffered  Purified  Water  at  pH  10.0  by  Approxlaately 
0,81-0.83  ag/L  of  Free  Chlorine  In  ^e  Presence 
and  Absence  of  KCl. 

Figure  ASB.  Inactivation  of  Poliovirus  1  at  S^’C  In  Borate- . 33 

Buffered  Purified  Water  at  pH  10.0  by  Approxlaately  . 

0.61-0.77  ag/L  of  Freo  Chlorine  In  the  Presence 
and  Absence  of  KCl. 

Figure  A6.  Inactivation  of  Poliovirus  1  at  5*^C  In  Borate- . 84 

Buffered  Purified  Water  at  pH  10.0  by  Approxlaately 
0.60-1.30  ag/L  of  Free  Chlorine  In  the  Presence 
end  Absence  of  KCl. 

Figure  A7>  Inactivation  of  Poliovirus  1  at  S^^C  in  Borate- . 85 

Buffered  Purified  Water  at  pH  10.0  by  Approxlaately 
0.65-4.21  ag/L  of  Free  Chlorine  In  the  Presence 
and  Absence  of  KCl. 

Figure  A8.  Inactivation  of  Poliovirus  1  at  S^C  In  Borate- . 86 

Buffered  Purified  Water  at  pH  10.0  by  Approxlaately 
0.95-1.15  ag/L  of  Free  Chlorine  in  the  Presence 
and  Absence  of  KCl. 

Figure  A9.  Inactivation  of  Poliovirus  1  at  50C  In  Borate-.... . 87 

Buffered  Purified  Water  at  pH  10.0  by  Approxlaately 

4.63- 4.76  ag/L  of  Freo  Chlorine  In  the  Presence 
and  Absence  of  KCl. 


imcT  OF  FOTASsnm  chlorzds  ok  ths  vikucidal  effectiveness 

OF  CHLOEIHE  DISINFECTION  FOR  MIUTART  NEEDS 


/  INTEODDCTION 

/ 

Th*  ailltary  looks  to  disinfection  with  free  chlorine  (FC)  as  the  final 
^barrier  to  preve^nt.  viruses  and  other  pathogenic  aicroorganisas  from 
producing  disabling  enteric  diseases  in  nilitary  personnel  who  oust  drink 
field'produced  driving  water.  The  disinfection  barrier  is  paramount  in 
all  of  the  variety  of  conditions  under  which  the  military  must  produce 
drinking  water  in  the  field.  \ 

It  has  been  demonstrated  repeatedly  that  in  the  presence  of  0.05  to  O.IH 
(3,728  to  7,456  mg/L)  KCl  Hiecavse  KCl  is  completely  ionized  in  water,  KCl 
exists  as  and  Cl*)  hyppdnlorite  ion  (OCl*),  the  otherwise  slow  virucidal 
form  of  FC,  is  10  to  20/^mes  more  virucidal  than  hypochlorous  acid  (HOCl), 
the  rapid  virucidal  form  of  FC  (1*6) .  The  virucidal  activity  of  HOCl  also 
is  potentiated  by  JCCl.  It  is  not  clear  whether  K+  or  Cl*  or  both  is 
responsible  for  /the  potentiation.  (It  is  now  clear  from  the  research 
reported  herein'  that  many  ions  in  drinking  water  potentiate  the  virucidal 
effectiveness  of  FC.)  The  occurrence  of  K'*'  and/or  Cl*  in  a  drinking  water, 
if  present  in  sufficient  concentration,  may  potentiate  the  virucidal 
effectiveness  of  the  free  chlorines.  Conversely,  rem«...-'l  of  these  entitles 
from  a  drinking  water  may  significantly  reduce  the  viruuidal  effectiveness 
of  the  free  chlorines.  The  range  of  Cl*  concentrations  in  natural  v&tevc 
may  span  from  only  10  or  20  mg/L  (fresh  water  treated  with  Reverse  Osmosis 
Vateif  Purification  Units  [ROWPU])  to  600  mg/L  (field  water  quality  standard 
maximum) .  Potassium  ions  also  occur  in  natural  waters  in  low 
concentrations,  and  there  is  no  field  water  quality  maximum  standard  for 
these  ions.  Reverse  osmosis  removes  most  K+,  Cl*,  and  other  ions  from 
water.  Thus , ~R0WPU  may  reduce  the  virucidal  effectiveness  of  the  FC 
applied  to  sucH  treated  waters  to  prevent  post  ROWPU  treatment 
microbiological  contamination.  In  this  slt\iatlon,  it  might  be  necessary 
for  the  military  to  increase  the  concentration  of  FC  in  the  field- 
disinfected  waters  to  meet  the  military's  required  disinfection  standards. 
It  was  therefore  of  considerable  importance  to  the  military  to  determine 
the  effect  of  small  concentrations  of  ions  on  the  virucidal  capability  of 
FC  (OCl*  and  HOCl). 

This  study  was  divided  into  two  phases,  PHASE  1  was  to  determine  whether 
KCl  (Cl*  in  the  range  of  10  to  600  mg/L)  has  a  significant  effect  (2  to  3- 
fold  difference)  on  disinfection  by  the  free  chlorines.  In  the  event  that 
a  significant  KCl  effect  was  demonstrated,  PHASE  2  was  to  be  initiated  to 
provide  comprehensive  data  on  the  adjustment  of  FC  that  will  be  necessary 
to  meet  the  military's  required  dlsfnfectlo-  capability  or  to  develop 
cautionary  guidance  for  field  disinfection  at  low  K"*"  and/or  Cl*  levels  (for 


example,  ROWPU  operations) .  . /r. 


MATERIAL  AND  METHODS 


1.  Wa£sx. 

A.11  of  the  disinfection  tests  were  done  in  chlorine  demand- free 
purified  (carbon-filtered,  deionized)  water,  in  tap  water  obtained  in 
the  City  of  Cincinnati,  or  in  buffers  prepared  in  those  waters. 
Purified  water  was  obtained  from  a  Milllpore  Super  Q  System. 


I 
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2.  rhPiBhtttt  buffer. 

A  0.2  N  phosphat*  buffar  loluClon  was  preparad  by  adding  23.7  g  of 
KH2PO4  (Flahar  P-382)  and  4.2  g  of  K2HPO4  (Flahar  P-288)  to  1  L  of 
purlfiad  watar.  Thla  aolutlon  waa  flltarad  through  a  0.45  uM  Mllllpora 
■aabrano.  A  0.05  M  phoaphata  buffer  aolutlon  waa  prepared  by  adding 
250  aL  of  0.2  M  phoaphata  buffar  to  750  mL  of  purified  watar. 

3.  Sodiua  thloaulfattt  neutralizer  gplution. 

A  100  ng/oL  aolutlon  of  Ha2S203  waa  prepared  by  adding  12.5  g  of 
Na2S203  (Flahar  S-446)  to  125  aL  of  purified  watar.  One  aL  of  thla 
aolutlon  waa  added  to  1  L  of  0.05  H  phoaphata  buffar  to  yield  a  100 
ag/L  aolutlon  of  Na2S203  In  phoaphata  buffar. 

4.  Beef  extract  (1%). 

A  It  aolutlon  of  beef  extract  waa  prepared  by  adding  10  g  of  beef 
extract  (Glbco  M00040)  to  1  L  of  purified  water.  Thla  aolutlon  waa 
uaad  for  preparing  dllutlona  of  vlrua. 

5  Chlorine  demand- free  waters. 

Chlorine  devand-free  watera  were  prepared  according  to  Standard  Me thoda 
(7).  Watera,  purified  and  tap,  were  made  demand-free  by  chlorinating 
them  to  a  free  realdUal  of  5  mg/L  and  atorlng  them  for  three  daya.  The 
watera  were  then  dechlorlnated  by  expoaure  to  ultraviolet  light  for 
aeveral  daya.  To  make  certain  that  no  chlorine  remained  In  the  watera, 
amperometrlc  tltratlona  wore  performed  on  them  when  chlorine  waa  no 
longer  demonatrable  by  DPD  teat.  The  demand- free  dechlorlnated  watera 
were  atored  until  needed. 

6.  ^jgrlno.  ^gaand-.faa  buff  era- 

a.  Phthalata  buffer.  Fhthalate  buffer  waa  prepared  by  adding  40.846  g  of 
potaaalum  hydrogen  phthalate  to  1  L  of  purified  water.  The  molarity 
waa  0.2  M.  Chlorine  waa  added  to  the  buffer  to  a  final  concentration 
of  5  mg/L.  The  chlorinated  buffer  waa  atored  In  the  laboratory  for 
three  daya  to  aatlsfy  the  chlorine  demand,  and  the  buffer  was 
dechlorlnated  by  expoaing  It  to  ultraviolet  light.  To  make  certain 
that  no  chlorine  remained,  amperometrlc  tltratlona  were  performed  on 
the  buffer  when  chlorine  waa  10  longer  demonstrable  by  the  UPD  test. 
For  testa,  the  0.2  H  buf..er  was  diluted  in  chlorine  demand-free 
purified  water  to  0.005  M  and  Its  pH  was  adjusted  to  4.5  with  chlorine 
demand- free  2  M  H2SO4  or  NaOH. 

b.  Borate  buffer.  Forate  buffer  was  prepared  by  adding  12.366  g  of  boric 
acid  to  1  L  of  purified  water.  The  molarity  was  0.2.  The  buffer  was 
made  chlorine  demand- free  and  Its  pH  was  adjusted  In  the  some  way  that 
this  was  done  with  the  phthalate  buffer. 

7.  Chlorine  demand- free  NaOH  and  chlorine  demand- free  H^SQa. 

Appropriate  strength  solutions  of  NaOH  and  H2SO4  were  prepared  and  made 
chlorine  demand -free  In  the  same  way  that  the  buffers  were  made  demand- 
free  . 

8.  Chlorine  demand- free  KCl  solution. 

KCl  (Matheson,  Coleman,  and  Bell  PX1405)  solutions  were  prepared  In 
three  concentrations  as  follows:  A  solution  containing  21  mg  of  KCl/10 
mL  was  prepared  by  dissolving  0.21  g  of  KCl  in  100  mL  of  purified 
water.  A  solution  containing  526  mg  of  KCl/10  mL  was  prepared  oy 
dissolving  5,26  g  of  KCl  in  100  mL  of  purified  water.  A  solution 
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containing  1,262  ag  of  KCl/10  bL  was  praparad  by  dissolving  12.62  g  of 
KCl  in  100  bL  of  purlflad  wacar.  All  of  cha  solutions  vara  praparad  In 
voluaatrlc  flasks  and  all  of  cha  solutions  wars  brought  to  final  voluaa 
with  a  faw  drops  of  chlorlna  solution  of  sufflclant  strength  to  yield 
about  S  Bg/L  of  chlorine.  The  solutions  ware  Bade  chlorlna  deoand-fraa 
In  the  saaa  way  the  buffers  ware  Bade  daaand-fraa.  In  the  test 
procedures,  4  aL  of  KCl  solution  added  to  396  bL  of  Cast  solution 
yielded  cha  required  concentration  of  Cl*. 

9.  Chlorine  daBand-fraa  slasswara. 

Chlorine  daaand*fraa  glassware  was  praparad  by  Cha  procedure  described 
In  Standard  Methoda  (7).  Chlorine  deaand<free  beakers  and  cylinders 
used  In  the  test  procedures  were  rinsed  three  tlaes  in  the  test  waters 
Just  before  the  tests  were  done. 

10.  ABPeroBetrlc  titrations  for TC . 

AaperoBetrlc  titration  with  phcnylarsene  oxide  for  PC  were  done  by  the 
procedures  described  In  Standard  Methods  (7).  The  titrations  were  done 
on  a  total  voluaa  of  300  bL  of  each  test  fluid. 

11.  Virus . 

A  chlorine  deaand*ftee  preparation  >f  poliovlrua  1  (Mahoney  LP,  RKP42 
of  10/7/69)  was  used  In  all  of  Che  experiBents  described  herein. 

12.  Cell  cultures.  All  poliovlrua  assays  were  dene  In  BCM  cells  (8)  by  the 
plaque  technique  (9).  Plaques  ware  generally  read  3,  4,  and  7  days 
after  cultures  were  inoculated. 

13.  Test  procedure. 

Ona*and-a>half  to  twe>llter  quantities  '•f  chlorine  desuind-free  water, 
aoaetlBaa  buffered,  soaetlBes  not,  soaetlBes  purified  water,  soaetlBea 
Cep  water,  were  chlorinated  to  either  1  r  3  ag/L  residuals,  and  396  aL 
quantities  were  distributed  into  600  bL  beakers.  Four  aL  of  an 
appropriate  concentration  of  KCl  solution  was  added  to  each  of  three 
beakers  to  yield  concurrently  K^  plus  Cl*  concentrations  of  11  end  10, 
276  and  230,  and  662  and  600  ag/L.  In  Bsny  of  the  tests,  phthalats 
buffer  was  used  to  aaintain  a  pH  of  4.3  and  borate  buffer  was  used  to 
Baintain  a  pH  of  9.0.  When  buffers  were  not  used,  the  pH  of  each  test 
water  was  adjusted  with  2  M  end  0.23  M  H2SO4  or  NsOH,  respectively, 
and  rechecked  end  readjusted  if  necesr-ry  at  the  beginning  of  each 
test.  Two  control  beakers  were  set  .-p  with  each  test.  In  aost 
axparlaents,  one  contained  396  bL  of  the  test  water  to  which  had  been 
added  4  aL  of  KCl  solution  of  sufficient  strength  to  yield  a  final 
concentration  of  662  ag/L  of  K*  and  600  ag/L  of  Cl*  in  ►he  control 
beaker.  The  second  beaker  contained  198  aL  of  the  test  water,  198  aL 
of  Ma2S203  neutrallrer  solution  and  4  aL  of  KCl  solution  of  sufficient 
strength  to  yield  a  final  concentration  of  662  ag/L  of  and  600  ag/L 
of  Cl*  in  the  control  beaker.  Test  and  control  waters  were  brought  to 
5®C  (±  1®C)  in  a  water  bath,  and  under  continuous  stirring  on  a 
aagnetlc  stirrer,  1  aL  of  a  chlorine  deaand-free  poliovirus  1 
suspension  was  added  to  each  beaker.  Five  aL  saaples  «rere  reaoved  froa 
each  test  beakar  at  appropriate  tlae  intervals  and  alxed  rapidly  with  3 
aL  voluaes  of  a  solution  that  contained  100  ag/L  of  Ka2S203.  A  siailar 
saapling  proceuure  was  used  for  the  control  be.  kars,  but  the  first 
control  beaker  was  saapled  only  after  one  alnute,  and  the  second 
control  beaker  was  saapled  at  the  longest  tioe  interval  used  in  any  of 
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th«  tests.  In  testa  where  nonbuffersd  aystene  were  used,  pH  was 
redeteralned  In  each  test  beaker  at  the  conclusion  of  each  test. 
Aaperoaetric  citrstlons  for  FC  were  also  dona  on  ell  teat  fluids  at  the 
conclusion  of  each  tost.  All  test  saaples  wore  diluted  In  1%  beef 
extract  and  Inoculated  onto  cell  cultures.  Soaa  test  saaples  were 
stored  at  'lOoc  for  several  days  before  Inoculation  onto  call  cultures. 
Control  teats  showed  that  freezing  test  saaples  at  *7000  before 
Inoculation  onto  cell  cultures  did  not  alter  results. 

tISDLTS 

The  first  year  of  this  study  was  devoted  to  detemlnlng  whether  KCl,  at 
levels  of  up  to  1,262  ag/L  (K'*'-662  ag/L;  Cl**600  ag/L  [the  aaxlaua  Cl* 
level  paralsslble  for  drinking  water  under  Military  standards)) 
significantly  Increases  the  rate  of  Inactivation  of  poliovirus  by  FC  at  pH 
4.5  and  at  pH  9.0.  Early  experlaents  were  undertaken  at  pH  10.0  to 
uaxlalza  the  OCl*  levels  present,  and  aany  of  the  prellalnary  studies  were 
done  at  this  pH  level.  At  the  request  of  .  the  Project  Officer,  the  pH  of 
the  alkaline  level  teats  was  reduced  to  9.0,  because  this  pH  level  Is  aore 
In  line  with  the  hlghe**  extreaes  usually  experienced  under  field 
conditions.  The  data  obtained  at  pH  10.0  are  presented  In  Appendices  C  and 
D. 

In  early  experlaents  In  0.05  N  borate  buffer,  aore  than  7,456  ag/L  of 
KCl  (0.1  H)  did  not  affect  the  rate  of  Inactivation  of  poliovirus  1  by  FC 
at  pH  10.0,  Several  lots  of  sodlua  and  potasalua  chloride  froa  different 
aanufacturers  yielded  results  slallar  to  those  In  these  earlier  studies, 
but  Iota  of  boric  acid  (a  buffer  coaponent)  froa  aanufacturers  other  than 
the  one  used  In  the  first  studies  allowed  a  salt  effect  to  aanlfest  Itself. 

In  borate  buffer  that  allowed  aanlfestation  of  a  salt  effect,  526  and 
1,262  ag/L  quantities  of  KCl  (K'*'*276  and  662  ag/L,  respectively;  Cl '-250 
and  600  ag/L,  respectively)  Increased  the  rate  of  poliovirus  1  Inactivation 
by  FC  at  pH  9,0. 

iMfitiTltiOP  Of  foIigTlCTI. L  In  fBElUtllflttgt , PB  9.3 

In  phthalate  buffered  purified  water  at  pH  4,5,  where  aost  of  the  FC 
exists  as  HOCl,  1.17  ag/L  of  FC,  In  the  absence  of  KCl,  Inactivated  99.991 
of  poliovirus  1  in  Just  over  4.0  alnutes  (Table  1,  Figure  1).  In  the 
presence  of  21  ag/L  of  KCl  (K'^-11  ag/L;  Cl *-10  ag/L),  approxlaataly  the 
■aae  quantity  of  FC  Inactivated  poliovirus  1  at  about  the  saae  rate,  and  In 
the  presence  of  526  ag/L  of  KCl,  a  little  bit  aore  rapidly.  In  the 

presence  of  1,262  ag/L  of  KCl,  however,  0.97  ag/L  of  FC  Inactivated  99.991 
of  poliovirus  1  In  about  2.8  alnutes. 

In  phthalate-buf fered  purified  water  at  pH  4.5,  5.27  ag/L  of  FC,  In  the 
absence  of  KCl,  Inactivated  99.99%  of  poliovirus  1  In  about  1.2  alnutes. 
The  saae  quantity  of  FC  In  the  presence  of  21  ag/L  of  KCl  Inactivated 
poliovirus  1  at  about  the  saae  race.  In  the  presence  of  526  ag/L  of  KCl, 
3.20  ag/L  of  FC  Inactivated  poliovirus  1  a  little  aore  rapidly,  and  in  the 
presence  of  1,262  ag/L  of  KCl,  5.15  ag/L  of  FC  Inactivated  poliovlrua  1 
twice  aa  rapidly  as  the  saae  .(Uanclcy  of  FC  did  In  the  absence  of  KCl 
(Table  2,  Figure  2), 

Inactivation  of  Follovlrus  1  In  Eorste- Buffered  furlflad  Veter.  PH..9.Q 

In  borate-buffered  purified  water  at  pH  9.0,  1.22  eg/L  of  FC  (prlaarlly 
0C1‘),  In  the  absence  of  KCl,  Inactivated  99.99%  of  poliovirus  I  In  ^ibout 
22  alnutes.  In  Che  presence  of  21  ag/L  of  KCl,  the  rate  of  InactlvaCion  of 
poliovirus  1  by  1.16  ag/L  of  FC  was  about  the  saae.  In  the  presence  of  326 


■g/L  of  KCl,  99.99%  of  th«  vlnu  wao  liuctivatod  1;>y  1.14  ag/L  of  FC  in 
abouC  16  alnutaa,  and  In  tha  praaanca  of  1,262  ag/L  of  KCl,  1.20  ag/L  of  FC 
Inactlvatad  99.99%  of  tha  vlrua  In  about  10  alnutaa  (Tabla  3,  Figura  3). 

In  anothar  axparlaant  In  tha  aaaa  buffer.  In  tha  absence  of  KCl,  1.08 
ag/L  of  FC  Inactivated  99.99%  of  poliovirus  1  In  22  alnutas.  In  tha 
presence  of  21  ag/L  of  KCl,  l.OS  ag/L  of  FC  Inactivated  the  vims  at  about 
tha  saaa  rate.  In  tha  presence  of  526  ag/L  of  KCl,  1.04  ag/L  of  FC 
Inactlvatad  99.99%  of  the  virus  In  about  18  alnutaa.  In  the  presence  of 
1,262  ag/L  of  KCl,  however,  1.01  ag/L  of  FC  Inactivated  99.99%  of  the  vlrua 
In  about  12  alnutaa  (Table  4,  Figura  4). 

In  the  saaa  buffer,  5.05  ag/L  of  FC,  In  the  absence  of  KCl,  Inactlvatad 
99.99%  of  poliovirus  1  In  about  9.5  alnutaa.  In  the  presence  of  21  ag/L  of 
KCl,  5.00  ag/L  of  FC  Inactivated  tha  poliovirus  at  about  the  saao  rate.  In 
the  presence  of  526  ag/L  of  KCl,  5.05  ag/L  of  FC  Inactivated  99.99%  of  the 
virus  In  about  3.5  alnutas,  and  In  the  presence  of  1,26>2  ag/L  of  KCl,  5.00 
ag/L  of  FC  Inactivated  99.99%  of  the  vims  In  about  2.2  alnutaa  (Table  5, 
Figure  5). 


In  borate -buffs rad  tap  water  at  pH  9.0,  5.20  ag/L  of  FC,  In  the  absence 
of  KCl,  Inactivated  99.99%  of  poliovirus  1  In  about  3.6  alnutas.  In  the 
presence  of  21  ag/L  of  KCl,  5.17  ag/L  of  FC  Inactivated  the  pollovlms  at 
about  the  saaa  rate.  In  the  presence  of  526  ag/L  of  KCl,  5.10  ag/L  of  FC 
Inactivated  99.99%  of  the  vims  In  about  2.7  alnutas,  and  In  the  presence 
of  1,262  ag/L  of  KCl,  5.00  ag/L  of  FC  Inactivated  99,99%  tha  vlrua  In  about 
2.3  alnutas  (Tabla  6,  Figure  6). 


In  nonbuffered  purified  water  at  pH  9.0,  0.95  ag/L  of  FC,  in  the 
absence  of  KCl,  Inactivated  99.99%  of  poliovirus  1  In  a  little  aore  than 
100  alnutas.  In  the  presence  of  21  ag/L  of  KCl,  0.93  ag/1  of  FC 
Inactivated  99.99%  of  the  virus  In  about  63  alnutas.  In  the  presence  of 
526  ag/L  of  KCl,  0.90  ag/L  of  FC  inactivated  99.99t  of  the  pollovlms  In 
about  18  alnutaa,  and  in  the  presence  of  1,262  ag/L  of  KCl,  0.85  ag/L  of  FC 
Inactivated  99.99%  of  the  virus  In  about  5  alnutas  (Table  7,  Figure  7). 

In  the  saaa  nonbuffered  systea,  5.00  ag/L  of  FC,  In  the  absence  of  KCl, 
Inactivated  99.99%  of  pollovlms  1  In  23  to  24  alnutas.  In  the  presence  of 
21  ag/L  of  KCl,  5.00  ag/L  of  FC  Inactivated  the  vims  at.  about  the  sasM 
rate.  In  the  presence  of  526  ag/L  of  KCl,  4.88  ag/L  of  FC  Inactivated 
99.99%  of  the  pollovlms  In  about  4.5  alnutas,  and  in  tha  presence  of  1,262 
ag/L  of  KCl,  4.83  ag/L  of  FC  Inactlvatad  99.99%  of  the  pollovlms  In  about 
2.5  alnutas  (Table  8,  Figure  8). 

In  another  series  of  tests.  In  the  saae  nonbuffered  systea,  5.00  ag,/L 
of  FC,  In  the  absence  of  KCl,  Inactivated  99.99%  of  pollovlms  1  In  about 
31  alnutaa.  In  the  presence  of  21  ag/L  of  KCl,  5.05  ag/L  of  FC  Inactivated 
the  pollovlms  at  about  the  saae  rata.  In  the  presence  of  526  ag/L  of  KCl, 
4.95  ag/L  of  FC  Inactivated  99.99%  of  the  vims  In  about  3  alnutas,  and  In 
t>'e  presence  of  1,262  ag/I.  of  KCl,  5.00  ag/L  of  FC  Inactlvatad  99.99%  of 
t*:c  virus  In  about  2  alnutas  (Table  9,  Figura  9). 


In  nonbuffered  tap  water  at  pH  9.0,  0.95  ag/L  of  FC,  In  the  absence  of 
KCl,  Inactivated  99.99%  of  poliovirus  1  In  about  13  alnutas.  In  the 
presence  of  21  ag/L  of  KCl,  1.02  ag/T.  of  FC  Inactlvitad  99.99%  of  the  vims 
In  about  13  alnutas.  In  the  presence  of  526  ag/L  of  KCl,  1.00  ag/L  of  FC 
Inactivated  99.99%  of  the  poliovirus  In  about  9  alnutas,  end  In  the 
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prcsanc*  of  1,262  mg/L  of  KCl,  1.02  ag/L  of  FC  iiuctlvatod  99.99%  of  tho 
virus  in  4  to  j  alnutos  (Tsblo  10,  Figuro  10). 

In  tho  ssao  nonbuffored  tap  wator  systen,  5.00  ag/L  of  FC,  In  tho 
absonco  of  KCl,  Inactlvatad  99.99%  of  poliovirus  1  In  about  3  almitas.  In 
tho  prosonco  of  526  ag/L  of  Cl*,  4.85  ag/L  of  FC  Inactlvatod  99.99%  of  tho 
poliovirus  In  2  to  2.5  alnutos,  and  In  tho  prosonco  of  1.62  ag/L  of  KCl, 
4.80  ag/L  of  FC  Inactlvatod  99.99%  of  tho  virus  In  Just  undor  2  alnutos 
(Tablo  11,  Flgura  11). 

DISCUSSION 

At  pH  4.5  In  phthalato  buffor,  FC  Inactlvatad  poliovirus  1  about  80% 
aoro  rapidly  In  tho  prosonco  of  1,262  ag/L  of  KCl  than  In  tho  absonco  of 
KCl  (Flguros  1,  2,  and  12).  Potasslua  chlorldo,  at  a  lovel  of  526  ag/L, 
also  appoarod  to  potontlato  tho  p&llocldal  offactlvonosa  of  FC  at  pH  4.5, 
but  to  a  losaor  dogroa.  At  a  lovol  of  21  ag/L,  KCl  did  not  appoar  to 
significantly  potontlato  FC  at  pH  4.5  In  phthalato  buffor  or  undor  any  of 
tho  othor  conditions  subaoquontly  tostod.  Tho  potontlatlon  of  FC  by  KCl  In 
buffer  at  pH  4.5  Is  clear ly  worthwhile,  but  HOCl,  tho  prodoalnant  fora  of 
FC  that  occurs  at  pH  4.5,  Is  s  rspld  virucldo  oven  In  tho  absonco  of  KCl. 
The  allltary's  greatest  need  Is  on  tho  alkaline  side  of  the  pH  apectrua 
because  OCl*,  which  foraa  at  alkaline  pH  levels  as  tho  result  of  tho 
Ionization  of  HOCl,  la  a  relatively  slow  virucldo  and  because  aoat  natural 
waters  are  alkaline.  At  pH  9.0  in  borate  buffor,  FC  Inactlvatod  poliovirus 
1  alaoat  throe  tlaos  aoro  rapidly  In  tho  prosonco  of  1,262  ag/L  of  KCl  than 
In  tho  absonco  of  KCl  (Flguros  3*5,  and  13).  Potassium  chlorldo,  at  a 
lovol  of  526  ag/L,  potentiated  tho  pollocldal  offoctlvonoas  of  FC  by  alaost 
2-fold. 

At  pH  9,0,  In  tho  prosonco  of  1,262  ag/L  of  KCl,  FC  Inactlvatad 
poliovirus  1  as  rapidly  In  tap  water  as  In  borate -buffered  purified  wator 
(eoapara  Flguros  6  and  13).  In  tho  absonco  of  KCl,  however,  FC  Inactlvatod 
tho  poliovirus  1  considerably  aoro  rapidly  In  tap  wator  than  In  borato- 
buffered  purified  wator.  This  finding,  along  with  tho  earlier  finding  that 
different  coaaorclal  preparations  of  H3BO3  (tho  aajor  eoaponant  of  borato 
buffor),  differently  affected  tho  pollocldal  offoctlvonoss  of  FC,  strongly 
suggested  a  need  for  tasting  tho  virucidal  offoctlvonoss  of  FC  (with  and 
without  KCl)  In  nonbuffored  purified  wator.  Buffers  have  always  boon  usad 
to  aalntain  pH  at  required  levels.  Prollainsry  studios,  however,  showed 
that  pH  levels  In  purified  water,  adjusted  with  H2SO4  or  NaOH,  reisalnod 
stable  for  long  periods  within  0.1  (occasionally  0.2)  pH  units.  Subsequent 
studios  In  nonbuffored  waters  prooucod  ronarkabla  results. 

In  s*:udlos  with  nonbuffored  purified  water  at  pH  9.0,  FC  Inactlvatod 
poliovirus  1  about  15  tlaos  aoro  rapidly  In  tho  presaneo  of  1,262  ag/L  of 
KCl  than  In  tho  absence  of  KCl.  In  tho  presence  of  526  ag/L  of  KCl,  FC 
Inactlvatad  tho  virus  about  7  tlaos  aoro  rapidly  than  In  tho  absence  of  KCl 
(Figures  7-9,  14).  In  tho  prosonco  of  326  and  1,262  ag/L  of  KCl,  FC 
Inactivated  tho  poliovirus  about  as  rapldl;.  In  nonbuffored  purified  water 
as  In  borate-buffered  purified  water  (Flgucrs  13  and  14).  But  In  the 
absenco  of  KCl,  FC  Inactivated  tho  virus  acre  than  3  tlaos  faster  In  tho 
borate-buffered  purified  water  than  in  the  nonbuffered  purified  water 
(Figuro  15  -  froa  Figures  13  and  14).  The  0.05  M  borato  buffer  had  a 
powerful  virucldo  potentiating  effect  on  FC.  It  Is  clear  iS.-^t  disinfection 
studies  should  not  be  done  In  buffers  without  first  determining  the 
vlruclde  potentiating  effect  of  the  buffers.  The  borate  buffer  not  add 
to  potentiation  In  the  presence  of  either  526  or  1,262  eg/L  of  KCl. 
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Th«  •xp«rlMnti  In  Figures  10  end  11  srs  exactly  the  saiM  as  those  In 
Figures  7*9  and  14  except  that  In  Figures  10  and  11  the  exiierlaents  were 
done  In  nonbuffered  tap  water  and  those  In  Figures  7*9  and  14  were  done  In 
nonbuffered  purified  water.  When  1,262  ng/L  of  KCl  was  present,  the 
virucidal  affactlvenese  of  FC  at  pH  9.0  was  not  such  different  In 
nonbuffered  purified  water  than  In  nonbuffered  tap  water.  Wh<tn  526  ng/L 
KCl  was  present  In  both  waters,  the  Inactivation  rata  was  faster  In  tap 
water  than  In  ptjurlflad  water,  and  when  no  KCl  was  presertt,  thu  Inactivation 
rate  dropped  off  sharply  In  purified  water.  In  the  abience  of  KCl, 
poliovirus  1  was  Inactivated  by  FC  about  10  tines  nor^t  rapidly  In 
nonbuffered  tap  water  than  In  nonbuffered  purified  water  (Figure  17).  It 
would  appear  that  Ions  In  the  tap  water  markedly  enhanced  l;he  pollocldal 
effectiveness  of  OCl*. 

Since  R0> treated  waters  contain  few  Ions,  the  pollocldal  effectiveness 
of  OCl*  In  such  waters  will  be  about  that  seen  In  the  nonbufifered  purified 
water  study.  This  Is  to  say  that  In  RO-traated  waters  at  pH  '>.0,  about  110 
nlnutea  will  be  required  to  Inactivate  99.99%  of  poliovirus  1  at  S<*C  by  1 
ag/L  of  FC  (about  the  sane  as  In  nonbuffered  purified  wiiter),  and  27 
alnutas  will  be  required  to  Inactivate  99.99%  of  the  vlrua  by  5  ng/L  of  FC 
under  the  sane  conditions  (Figure  17).  If  tailing  occurs  (ind  It  ustially 
does  because  naturally  occurring  viruses  are  uaually  clunped  to  some 
degree)  as  It  frequently  did  In  the  experiments  reported  heieln,  a  margin 
for  safety  must  be  added  to  a  treatment  standard  for  this  alone.  And, 
since  there  are  undoubtedly  enteric  viruses  more  FC>reslsi;ant  than  the 
pollovlms  used  In  these  studies,  the  military  treatment  starolard  of  5  mg/L 
for  30  minutes  at  any  temperAture  and  any  pH  may  be  Inadequate  for  ROVFU- 
treated  waters  and  other  drinking  waters  with  low  Ionic  content. 

For  waters  that  contain  a  sufficient  quantity  of  Ions,  the  treatment 
standard  nay  be  excessive.  But,  we  must  knw  more  than  we  do  now  aboit  the 
relationship  of  Ion  concentration  and  FC  Inactivation  rates  and  more  about 
the  levels  of  salts  present  In  such  waters  before  we  can  lay  that  with 
assurance . 

Although,  It  seems  eleer  now  that  many  different  Ions  i«y  potentiate 
the  pollocldal  effectiveness  of  HOCl  and  OCl*,  we  know  little  about  which 
Ions  do  so.  Moreover,  even  though  at  least  one  theory  suggests  that 
cations  rather  than  anions  are  responsible  for  the  enhanced  pollocldal 
effectiveness  of  HOCl  and  001*  (4,10,11),  even  this  Is  not  yet;  certain. 


COHCUraiOMt  AMD  RKCOMMEMDATIOMS  I 

In  PHASE  1  of  this  study,  we  showed  that  an  enhancement  of  pollocldal 
activity  by  FC  occurs  at  the  salt  levels  present  In  natural  waters.  This 
study  also  showed  that  tap  water  contains  substances  (probatly  Ions)  that 
enhance  the  virucidal  activity  of  FC  (both  HOCl  and  OCl').  Potassium 
chloride  levels  of  526  ng/L  and  1,262  ng/L  potentiated  Che  virucidal 
effectiveness  of  FC.  In  purified  weter,  KCl  potentiated  Che  virucidal 
capability  of  OCl*  by  10>fold  and  sometimes  more.  In  Che  absonce  of  salts, 
5  mg/L  of  FC  at  pH  9.0  Inactivated  poliovirus  1  so  slowly  in  purified 
water.  It  nay  be  necessary  for  the  alllCery  to  adjust  the  dosage  of  FC  in 
order  to  meet  Its  required  disinfection  capability  In  ROVPU>|:reacod  waters 
and  in  other  waters  of  low  salt  content. 

Thus,  Che  nllitary  needs  tc  pursue  PHASE  2  of  this  study  to  determine 
Che  degree  to  which  the  Ion  effect  occurs  with  vlrusek  other  than 
poliovirus  1  and  to  deteraine  which  ions  potanclaCa  the  virucidal 
effectiveness  of  FC.  Vlth  this  information,  the  military  will  be  better 
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«bl«  to  dacldo  whether  it  oust  adjust  tho  dosago  of  FC  in  flald-produced 
drinking  waters  auch  as  ROVFU- treated  waters  and  other  waters  of  low  ion 
content  in  order  to  Met  the  Bilitary's  required  disinfection  capability. 

Moreover,  to  the  extent  that  FC  concentrations  can  be  reduced  in  waters 
that  contain  ions  that  potentiate  the  virucidal  effectiveness  of  FC,  the 
production  of  carcinogenic  haloMthanes  will  be  reduced.  Although  the 
probleM  produced  by  such  carcinogens  My  not  be  sumli'ested  for  Mny  years 
and  are  therefore  of  no  battlefield  significance,  eventual  consequences  of 
the  kind  currently  experienced  with  the  agent  orange  situation,  and  the 
accoapanying  negative  public  relations,  are  always  better  avoided. 
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APPENDIX  A 

(LIST  OF  TABLES  (pH  4.5  and  9.0]) 
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TABLE  1.  INACTIVATION  OF  POLIOVIRUS  1  AT  5®C  IN  PHTHALATE-BUFFERED 
PURIFIED  WATER  AT  PH  4.5  BY  APPROXIMATELY  I  M6/L 
OF  FREE  CHLORINE  IN  THE  PRESENCE  &  ABSENCE  OF  KCL 


TEST  #I  CHLORINE  (MG/L):  1.17  KCL  (M6/L):  0  CONTROL  (PFU/ML):  250000 
INITIAL  CHLORINE  (MG/L):  1.22 


TSS 

Silffll  1 

SiKFLI  2 

4V8S46X 

S01VIV4L 

ZSACnVAXIOfl 

(]fza.) 

(jnntL) 

(m/WL) 

{jnnsL) 

(X> 

(1) 

,5 

44000 

28000 

38000 

13.1999 

84.8001 

1 

20400 

13200 

17800 

7.1199 

92.8801 

1.3 

10800 

6400 

8600 

3.U 

96.36 

2 

3200 

4000 

4600 

1.8399 

98.1601 

2.3 

840 

840 

840 

.336 

99.664 

3 

320 

248 

284 

.1136 

99.8864 

3.23 

104 

136 

UO 

.0479 

99.9321 

3.3 

U2 

116 

124 

.0493 

99.9303 

3.73 

80 

28 

44 

.0173 

99.9823 

4 

4 

16 

10 

a-03 

99.996 

TEST  #2  CHLORINE  (MG/L):  1.11  KCL  (MG/L):  21  CONTROL  (PFU/ML):  250000 
INITIAL  CHLORINE  (MG/L):  1.22 


moL 

S41IFU  1 

SllfPIl  2 

47SS4CZ 

sntmAL 

XB4CTI74TZ0H 

ami.} 

(m/ML) 

(Pru/ML) 

(m/ML) 

(1} 

<X) 

.3 

22400 

24800 

23600 

9.44 

90.36 

1 

12800 

14800 

13800 

3.3199 

94.4801 

1.3 

8000 

6800 

7400 

2.9399 

97.0401 

2 

8800 

8000 

8400 

3.36 

96.64 

2.3 

2080 

2280 

2180 

.8719 

99.1281 

3 

680 

1040 

860 

.344 

99.636 

3.23 

360 

400 

380 

.132 

99.848 

3.3 

236 

232 

244 

.0976 

99.9024 

3.73 

140 

172 

136 

.0623 

99.9377 

4 

72 

68 

70 

.0279 

99.9721 

20 


TABLE  1.  (COKHNUEO) 


TEST  #3  CHLORINE  (M6/L):  1  KCL  (M6/L):  526  CONTROL  (PFU/ML);  250000 
INITIAL  CHLORINE  (MG/L):  1.22 


TZHB 

SAUPLX  1 

SiKPlX  2 

iTsaia 

snmiL 

ZBACmiXIOH 

Om.) 

(pro/HL) 

(pra/ML) 

(pra/HL) 

(X) 

(1) 

.5 

6400 

9200 

7800 

3.12 

96.88 

1 

5200 

4400 

4800 

1.9199 

98.0801 

l.S 

1400 

1520 

1460 

.584 

99.416 

2 

1000 

640 

820 

.3279 

99.6721 

2.5 

480 

400 

440 

.1739 

99.8241 

3 

216 

176 

196 

.0783 

99.9217 

3.25 

132 

U8 

130 

.0519 

99.9481 

3.5 

88 

68 

78 

.0311 

99.9689 

3.75 

32 

32 

32 

.0128 

99.9872 

4 

8 

8 

8 

3.2S>03 

99.9968 

TEST  #4  CHLORINE  (MG/L):  .97  KCL  (MG/L):  1,262  CONTROL  (PFU/ML):  250000 
INITIAL  CHLORINE  (MG/L):  1.22 


Tsa 

SAOU  1 

S4KPLI  2 

49X8468 

80X71744 

XB4CTXV4TI0N 

(ifza.) 

(m/HL) 

(PPO/HL) 

CPTO/XL) 

(X) 

(X) 

.5 

6400 

2800 

4600 

1.8399 

98.1601 

1 

3600 

3600 

3600 

1.4399 

98.5601 

1.5 

280 

280 

280 

.1119 

99.8881 

2 

216 

172 

194 

.0773 

99.9225 

2.25 

172 

172 

172 

.0688 

99.93U 

2.5 

80 

88 

84 

.0333 

99.9663 

2.73 

56 

40 

48 

.0192 

99.9808 

3 

32 

16 

24 

9.68-03 

99.9904 

3.25 

8 

U 

10 

41-03 

99.996 

3.5 

0 

0 

0 

<  G.OOQl 

>  99.9999 

21 
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TABLE  2.  INACTIVATION  OF  POLIOVIRUS  1  AT  5°C  IN  PHTHAUTE-BUFFERED 
PURIFIED  WATER  AT  PH  4.5  BY  APPROXIMATELY  5  MG/L 
OF  FREE  CHLORINE  IN  THE  PRESENCE  &  ABSENCE  OF  KCL 


TEST  #1 

CHLORINE  (MG/L);  5.27 
INITIAL  CHLORINE  (MG/L) 

Ka  (MG/L): 

:  5.3 

0  CONTROL  (PFU/ML):  128000 

Tsa 

SAKPLB  1 

SiHFU  2 

▲7734(3 

S0SVI74L 

zsicnvinoH 

Oilli.) 

(PTD/KL) 

(pn/ML) 

(mna.) 

(I) 

(I) 

.25 

1640 

1520 

1480 

1.1562 

98.8438 

.5 

1080 

440 

760 

.3937 

99.4063 

.73 

88 

64 

76 

.0593 

99.9407 

1 

4 

8 

6 

4.61-03 

99.9934 

1.25 

0 

4 

2 

1.51-03 

99.9985 

1.5 

0 

0 

0 

<  0.0001 

>  99.9999 

1.73 

0 

0 

0 

<  0.0001 

>  99.9999 

2 

4 

4 

4 

3.18-03 

99.9969 

2.25 

0 

0 

0 

<  o.oooi 

>  99.9999 

2.5 

0 

0 

0 

<  0.0001 

>  99.9999 

TEST  #2  CHLORINE  (MG/L):  5.25  KCL  (MG/L):  21  CONTROL  (PFU/ML):  128000 
INITIAL  CHLORINE  (MG/L):  5.3 


tus 

SiHFU  1 

SiHFU  2 

▲7m(3 

snimiL 

xsiirrzTi: 

Omr.) 

(PFO/ML) 

(prr/HL) 

(PPO/W.) 

(X) 

(X) 

.25 

1400 

1160 

1280 

1 

99 

.3 

440 

480 

460 

.3593 

99.6407 

.73 

UO 

108 

114 

.089 

99.911 

1 

36 

8 

22 

.0171 

99.9829 

1.23 

0 

0 

0 

<  0.0001 

>  99.9:»99 

1-3 

0 

0 

0 

<  O.OOOI 

>  99.9999 

1.73 

0 

0 

0 

<  O.OOOI 

>  99.9999 

2 

0 

0 

0 

<  O.OOOI 

>  99.9999 

2.25 

0 

0 

0 

<  0.0001 

>  99.9999 

2.5 

0 

0 

0 

<  0.0001 

>  99.9999 

22 


TABLE  2.  (COHHNUED) 


TEST  #3 

CHLORINE  (MG/L):  5.2  KCL  (MG/L); 
INITIAL  CHLORINE  (MG/L):  5.3 

526  CONTROL  (PFU/ML);  128000 

rna 

SAMFIZ  1 

SAHFLZ  2 

ATtua 

S0171V4L 

XB4CZI747I01 

(xa.) 

(m/HL) 

(m/ML) 

(m/HL) 

(t) 

(X) 

.23 

1360 

1300 

1380 

1.2343 

98.7637 

.3 

196 

224 

210 

.164 

99.836 

.75 

40 

20 

30 

.0234 

99.9766 

1 

0 

0 

0 

<  0.0001 

>  99.9999 

1.23 

0 

0 

0 

<  0.0001 

>  99.9999 

1.3 

0 

0 

0 

<  0.0001 

>  99.9999 

1.73 

0 

0 

0 

<  0.0001 

>  99.9999 

2 

0 

0 

0 

<  0.0001 

>  99.9999 

2.23 

0 

0 

0 

<  0.0001 

>  99.9999 

2.3 

0 

0 

0 

<  0.0001 

>  99.9999 

TEST  #4  CHLORINE  (MG/L):  5.15  KCL  (MG/L):  1,262  CONTROL  (PFU/ML);  128000 


INITIAL  CHLORINE  (MG/L); 

5.3 

ma 

SAKFLZ  1 

SAIffU  2 

AroAa 

SUSnVAL 

ZB4CTZ74X10H 

(xza,) 

(TrsnsL) 

(pn/iff.) 

(m/ML) 

(I) 

(X) 

.23 

160 

176 

168 

.13U 

99.6688 

.3 

16 

16 

16 

.0123 

99.9875 

.73 

4 

4 

4 

3.1Z>03 

99.9969 

1 

0 

4 

2 

1.3X-03 

99.9983 

1.23 

0 

0 

0 

<  0.0001 

>  99.9999 

1.3 

0 

0 

0 

<  0.0001 

>  99.9999 

1.73 

0 

0 

0 

<  0.0001 

>  99.9999 

2 

0 

0 

0 

<  0.0001 

>  99.9999 

2.23 

0 

0 

0 

<  0.0001 

>  99.9999 

2.3 

0 

0 

0 

<  0.0001 

>  99.9999 

23 


TABLE  3.  INACTIVATION  OF  POLIOVIRUS  1  AT  5°C  IN  BORATE^MFFERED 
PURIFIED  WATER  AT  PH  9.0  BY  APPROXIMATELY  1  MG/L 
OF  FREE  CHLORINE  IN  THE  PRESENCE  AND  ABSENCE  OF  Ka 


TEST  #!  CHLORINE  (MG/L):  1.22  KCL  (f^/L):  0  CONTROL  (PFU/ML):  167500 
INITIAL  CHLORINE  (MG/L):  1.3 


TBSg 

SAKPU  1 

SAHPLZ  2 

Avmoz 

SOITIVAL 

ZS4CTZ74TI0Si 

(HSI.) 

(m/io.) 

(pro/KL) 

(m/ML) 

(1) 

(1) 

3 

40000 

36000 

46000 

28.6367 

71.3433 

10 

2400 

3200 

3800 

2.2686 

97.7314 

13 

2400 

2000 

2200 

1.3134 

98.6866 

20 

24 

U 

34 

.0202 

,  99.9798 

23 

0 

0 

0 

<  0.0001 

>  99.9999 

30 

0 

0 

0 

<  0.0001 

>  99.9999 

33 

0 

0 

0 

<  0.0001 

>  99.9999 

AO 

0 

0 

0 

<  0.0001 

>  99.9999 

43 

0 

0 

0 

<  0.0001 

>  99.9999 

30 

0 

0 

0 

<  0.0001 

>  99.9999 

TEST  #2 

CHLORINE  (MG/L):  1.16 

KCL  (MG/L): 

21  CONTROL  (PFU/ML):  167500 

INITIAL  CHLORINE  (MG/L) 

:  1.3 

Tiza 

SAMFLX  1 

S4KPU  2 

Avmcs 

snmvAL 

DUCTITAZXOH 

Or».) 

(pn/io:) 

(TTO/M.) 

(Pftr/HL) 

(X) 

(X) 

4 

64000 

68000 

66000 

39.4029 

60.3971 

8 

24000 

28000 

26000 

13.3223 

84.4777 

12 

4800 

6400 

3600 

3.3432 

96.6368 

16 

920 

1040 

980 

.383 

99.413 

20 

0 

8 

4 

2.31-03 

99.9977 

24 

u 

4 

8 

4.71-03 

99.9933 

28 

4 

0 

2 

l.lZ-03 

99.9989 

32 

0 

0 

0 

<  0.0001 

>  99.9999 

36 

0 

0 

0 

<  0.0001 

>  99.9999 

40 

0 

0 

0 

<  0.0001 

>  99.9999 

TABLE  3.  (CONnNUCO) 


TEST  13  CHLORINE  (MG/L):  1.14  KCL  (MG/L):  526  CONTROL  (PFU/HL);  167500 


INITIAL  CHLORINE  (MG/L):  1.3 


TSa  lAKPU  1  liKFLI  2 

(MXI.)  (Pru/ML)  (m/HL) 


Amua  luimii 

(WO/ML)  (X> 


ZBiCrXTATZOH 

(1) 


4 

44000 

44000 

1 

2000 

2440 

12 

40 

40 

14 

24 

20 

20 

14 

14 

24 

4  . 

0 

24 

0 

4 

22 

4 

U 

34 

0 

0 

40 

u 

U 

44000 

34.4029 

40.5971 

2240 

1.3373 

94.4427 

70 

.0417 

H.9943 

U 

.0143 

99.9437 

14 

9.31-03 

99.9903 

2 

1.12-03 

99.9949 

2 

1.12-03 

99.9949 

4 

4.72-03 

99.9933 

0 

<  0.0001 

>  99.9999 

U 

7.U-03 

99.9929 

TEST  14  CHLORINE  (MG/L):  1.2  KCL  (MG/L):  1,262  CONTROL  (PFU/ML):  167500 
INITIAL  CHLORINE  (MG/L):  1.3 


38 

tAMfU  1 

SAKPU  2 

4TK14CI 

fOlTTTAL 

I24Cn74XX( 

3.) 

(m/ML) 

(m/nL) 

(m/HL) 

(X) 

<X) 

4 

440 

720 

440 

.4039 

99.3941 

4 

M 

40 

40 

.0334 

99.9442 

U 

32 

20 

24 

.0133 

99.9443 

14 

0 

14 

1 

4,71-03 

99.9933 

20 

0 

1 

4 

2.32-03 

99.9977 

24 

0 

0 

0 

<  0.0001 

>  99.9999 

24 

0 

0 

0 

<  O.OOOl 

>  99.9999 

32 

0 

0 

0 

<  0.0001 

>  99.9999 

34 

0 

0 

0 

<  0.0001 

>  99.9999 

40 

0 

0 

0 

<  0.0001 

>  99.9999 

25 


TABtt  4.  INACTIVATION  OF  POLIOVIRUS  1  AT  5°C  IN  BORATE-BUFFERED 
PURIFIED  WATER  AT  PH  9.0  BY  APPROXIMATELY  1  M6/L 
OF  FREE  CHLORINE  IN  THE  PRESENCE  AND  ABSENCE  Of  KCL 


TEST  #1  CHLORINE  (MG/Lp:  1.08  KCL  (MG/L):  0  CONTROL  (PFU/ML):  117000 
INITIAL  CHLORINE  (MG/L):  1.12 


OAcnvAnoH 

(1) 

is.issi 

34.7S22 

I1.M04 

13.2479 

93.1424 

9S.5SS4 

9t.i71l 

99.133 

99.9214 

99.9344 


TZHB 

Omr.) 


SiMPlI  1 

(TTO/KL) 

32000 

44000 

2U00 

19200 

9400 

3200 

UOO 

224 

104 

40 


simx  2 

32000 

104000 

21200 

20000 

4400 

7200 

1440 

114 

74 

44 


Avxua 

(pn/wL) 

32000 

74000 

2U00 

19400 

1000 

3200 

U20 

172 

92 

74 


sntmAL 

(W 


43.2474 

U.11H 

14.7321 

4.4374 

4.4444 

1.1242 

.147 

.0714 

.0432 


TEST  #2  CHLORINE  (MG/L);  1.05  Ka  (MG/L):  21  CONTROL  (PFU/ML):  117000 


INITIAL  CHLORINE  (MG/L):  1.12 


ma 

SAXPU  1 

! 

lAMTU  2 

4YXI4CI 

mruAL 

X14CTXTATX0I 

(ICXV.) 

(m/ML) 

(170/10.} 

(mm.) 

(t) 

(X) 

2 

92000 

100000 

94000 

42.03U001 

17.9444 

4 

32000 

44000 

50000 

42. 733 

37.243 

4 

14400 

i  14400 

14400 

14.3349 

43.4411 

4 

14400 

14000 

13200 

12.9914 

47.0044 

10 

11400 

11400 

11400 

9.9143 

90.0433 

12 

4000 

4000 

7000 

3.9429 

H.0171 

14 

2400 

2040 

2240 

1.9143 

94.0433 

14 

1000 

720 

440 

.733 

99.243 

14 

104 

144 

124 

.1074 

99.4924 

20 

U 

12 

12 

26 

.0102 

99.9494 

TABLE  4.  (COrmNUEO) 


TEST  #3  CHLORINE  (MS/L):  1.04  KCl  (M6/L):  526  CONTROL  (PFU/ML);  117000 
INITIAL  CHLORINE  (M6/L):  1.12 


Tim 

SilffLI  1 

4iitnjt  2 

Amua 

SOimAL 

DUCTTPATIOH 

am.) 

(PTO/KL) 

(tn/nL) 

(m/KL) 

(X> 

(1) 

2 

114000 

uoooo 

114000 

100.4347 

-.434499999 

4 

140000 

104000 

124000 

103.9429 

•3.9429 

4 

72000 

72000 

72000 

41.3344 

34.4414 

• 

4400 

4400 

4400 

3.9:i4 

H.0444 

10 

9400 

lUOO 

10400 

4.4444 

91.1112 

u 

2400 

2000 

2200 

1.4403 

94.1197 

14 

U40 

1040 

UOO 

1.0234 

94.97U 

14 

U4 

U4 

140 

.1194 

99.4404 

14 

20 

20 

20 

.017 

99.943 

20 

0 

0 

0 

<  0.0001 

>  99.H99 

TEST  #4  CHLORINE  (MS/L):  1.01  KCl  (MS/L);  1,262  CONTROL  (PFU/ML):  117000 
INITIAL  CHLORINE  (MS/L):  1.12 


1338 

S41ffll  1 

OiXFU  2 

ATma 

SUtTTTAL 

HACrTTAXlOH 

dm.) 

(m/KL) 

(m/Ki) 

(m/KL) 

(X) 

(X) 

1.3 

40000 

94000 

74000 

44.4444 

33.3334 

3 

92000 

44000 

44000 

73.2U4001 

24.7464 

4.3 

4000 

20000 

14000 

11.9434 

44.0342 

,  4 

13200 

11400 

13400 

11.4329 

44.H71 

7.3 

4400 

1400 

4000 

3.4144 

94.3412 

9 

400 

920 

740 

.4493 

99.3303 

10.3 

U2 

44 

110 

.OH 

99.904 

12 

1 

14 

U 

.0102 

99.9494 

U.3 

0 

0 

0 

<  0.0001 

>  99.9999 

13 

0 

0 

0 

<  0.0001 

>  99.9999 
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TABLE  5.  INACTIVATIOf»  OF  POLIOVIRUS  1  AT  5°C  IN  BORATE-BUFFERED 
PURIFIED  WATER  AT  PH  9.0  BY  APPROXIMATaY  5  MG/L 
OF  FREE  CHLORINE  IN  THE  PRESENCE  AND  ABSENCE  OF  KC1 


TEST  #1 

CHLORINE  (MG/L):  5.05 
INITIAL  CHLORINE  (MG/L) 

KCl  (MG/L): 

:  5.25 

0  CONTROL  (PFU/ML):  111000 

TXKB 

SAKPU  1 

lAHPU  2 

47X240 

80X7X741 

IS4CTI74I10H 

(mV.} 

(pn/NL) 

(pro/WL) 

(?P?/ML> 

(1) 

(X) 

,5 

•0000 

34000 

48000 

41.24U 

38. 7388 

1 

20400 

24000 

22400 

20.1101 

79.8199 

l.S 

U400 

14000 

14200 

U.3HS 

83.4033 

2 

14000 

12400 

13400 

U.2522 

87.7478 

2.3 

•400 

10400 

9400 

•.4484 

91.3314 

3 

•400 

4400 

7400 

4.4444 

93.3334 

3.3 

7400 

4000 

4400 

4.U41 

93.8739 

4 

1440 

1140 

UOO 

1.1711 

98.8289 

4.3 

1040 

940 

1000 

.9009 

99.0991 

3 

1400 

1140 

12X0 

1.1331 

98.8449 

TEST  #2 

CHLORINE  (MG/L);  5  KCl 

(MG/L):  21 

CONTROL  (PFU/ML):  111000 

INITIAL  CHLORINE  (MG/L) 

:  5.25 

TXHI 

S41IPU  1 

SIMPIX  2 

47I14CX 

8DI7n4L 

ZS4CTX74TI08 

(KZS.) 

(PPO/HL) 

(PPO/HL) 

(PPO/XL) 

CX) 

(X) 

.3 

1/4 

8/4 

8/4 

8/4 

8/4 

1 

1/4 

8/4 

8/4 

8/4 

8/4 

1.3 

48000 

48000 

48000 

43.2432 

34.7368 

2 

17200 

18800 

18000 

14.2162 

83.7838 

2.3 

13200 

12800 

14000 

U.4124 

87.3874 

3 

7200 

9200 

8200 

7.3873 

92.6127 

3.3 

7200 

7200 

7200 

4.4864 

93.3134 

4 

4400 

3400 

3000 

4.3043 

93.4933 

4.3 

1340 

1360 

1360 

1.4034 

98.3944 

3 

880 

840 

840 

.7747 

99.2233 

28 
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TABLE  S.  (CONTINUED) 


TEST  13  CHLORINE  (MG/L):  5.05  KCl  (MS/L):  526  CONTROL  (PFU/ML)f  111000 
INITIAL  CHLORINE  (HG/L):  5.25 


HHI 

SAMPU  1 

tlKPU  2 

4ni4a 

stravrAL 

XBACnTAXIOH 

(MU.} 

(iro/ML) 

(fn/KL) 

(m/ML) 

(I) 

.5 

IMOO 

17400 

17200 

13.4934 

44.3044 

1 

U6M 

UOOO 

12S00 

11.33U 

M.4443 

i.i 

1340 

2400 

21M 

1.N39 

94.0341 

2 

MO 

440 

340 

.3043 

99.4933 

2.5 

M 

44 

72 

.0444 

99.9332 

3 

34 

14 

24 

.0234 

99.9744 

3.3 

4 

4 

4 

3.4B-03 

99.9944 

4 

1 

24 

14 

.0144 

M.9434 

4.3 

4 

4 

4 

3.41-03 

99.9944 

3 

U 

U 

U 

.0104 

99.9492 

TEST  #4  CHLORINE  (HG/L):  5  KCl  (HG/L);  1,262  CONTROL  (PFU/ML);  111000 
INITIAL  CHLORINE  (HG/L);  5.25 


TZMB 

flMPU  1 

SiMPU  2 

ATmiai 

torriTAL 

XBACtiruxoa 

(MU.) 

(ffO/ML) 

(PPO/NL) 

(PPO/ML) 

(X) 

(X) 

.3 

19200 

24400 

21400 

19.6394 

40.3604 

1 

1320 

1340 

1440 

1.2972 

94.7024 

1.23 

too 

320 

440 

.3943 

99.4033 

1.3 

114 

M 

102 

.0914 

99.9042 

1.73 

34 

4 

22 

.0194 

99.9402 

2 

32 

34 

34 

.0304 

99.94H 

2.23 

4 

14 

10 

91-03 

99.991 

2.3 

1 

U 

10 

91-03 

99.991 

2.73 

1 

4 

4 

3.41-03 

99.9944 

3 

0 

0 

0 

29 

<  O.OOCl 

>  99.9999 
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TABLE  6.  INACTIVATION  OF  POLIOVIRUS  1  AT  5°C  IN  BORATE-BUFFERED 
TAP  HATER  AT  PH  9.0  BY  APPROXIMATELY  5  MG/L  OF  FREE  CHLORINE 
IN  THE  PRESENCE  AND  ABSENCE  OF  KC1 


TEST  #1  CHLORINE  (MG/L):  5.2  KC1  (MG/L):  0  CONTROL  (PFU/ML):  60000 
INITIAI  CHLORINE  (MG/L):  5.3 


Tua 

SiHPU  1 

SAKPU  2 

ATma 

SOimAL 

XI4CTX7ATI0H 

omi.) 

(m/YiL'j 

(PTO/ML) 

(pn/ML) 

(I) 

(X) 

1 

4400 

3200 

3200 

1.3333 

93.6667 

2 

40 

200 

UO 

.2 

99. a 

3 

lA 

24 

20 

.0333 

99.9667 

4 

4 

0 

2 

3.31-03 

99.9967 

5 

0 

4 

2 

3.31-03 

99.9967 

« 

0 

0 

0 

<  0.0001 

>  99.9999 

7 

0 

0 

0 

<  0.0001 

>  99.9999 

a 

0 

0 

0 

<  0.0001 

>  99.9999 

f 

0 

0 

0 

<  O.COOl 

>  99.9999 

10 

0 

0 

0 

<  0.0001 

>  99.9999 

TEST  #2 

CHLORINE  (MG/L):  5.17 
INITIAL  CHLORINE  (M6/L) 

KCl  (MG/L); 

:  5.3 

21  CONTROL  (PFU/ML):  6 

TDa 

aiMPU  1 

8AMPU  2 

ATlUfiS 

SOITITAX, 

XBACTI74 

(imi.) 

(PPO/HL) 

(PPU/HL) 

(PPO/NL) 

(1) 

(I) 

1 

4400 

6800 

5600 

9.3333 

90.6667 

2 

144 

184 

164 

.2733 

99.7267 

3 

32 

20 

26 

.0433 

99.9567 

4 

0 

4 

2 

3.31-03 

99.9967 

3 

0 

0 

0 

<  0.0001 

>  99.9999 

6 

0 

0 

0 

<  0.0001 

>  99.9999 

7 

0 

0 

0 

<  0.0001 

>  99.9999 

8 

0 

0 

0 

<  0.0001 

>  99.9999 

9 

0 

0 

0 

<  0.0001 

>  99.9999 

10 

0 

0 

0 

<  0.0001 

>  99.9999 

30 


TABLE  6.  (COMTINUEO) 


TEST  #3  CHLORINE  (MS/L):  5.1  KCl  (M6/L)t  526  CONTROL  (PFU/ML):  60000 
INITIAL  CHLORINE  (NG/L):  5.3 


Toa 

SiltFll  1 

SiHPU  2 

iToua 

snxmiL 

ZXACTXVAXXOX 

QOM.) 

(m/xL) 

(?rO/HL) 

(m/XL) 

(X) 

(X) 

.3 

34M 

3200 

3320 

3.3333 

94.4667 

1 

160 

160 

160 

.2666 

99.7334 

1.3 

64 

64 

64 

.1066 

99.8934 

2 

20 

32 

26 

.0433 

99.9567 

2.3 

16 

0 

U 

.0199 

99.9801 

3 

U 

u 

12 

.0199 

H.9801 

3.3 

1 

u 

10 

.0166 

99.9834 

4 

0 

0 

0 

<  0.0001 

>  99.9999 

4.3 

0 

0 

0 

<  0.0001 

>  99.9999 

3 

0 

0 

0 

<  0.0001 

>  99.9999 

TEST  #4  CHLORINE  (MG/L);  5  KCI  (MG/L):  1,262  CONTROL  (PFU/ML):  60000 
INITIAL  CHLORINE  (MG/L):  5.3 


Ton  SAMPU  1  S4MFLI  2  ATUACt  SOmiiL  ZBACIITAZIOM 

(MDI.)  (m/ML)  (fW/lB.)  (m/HL)  (X)  (X) 


.3 

680 

680 

1 

72 

88 

1.23 

48 

32 

1.3 

36 

32 

1.73 

32 

16 

2 

32 

20 

2.23 

U 

16 

2.3 

0 

8 

2.73 

U 

8 

3 

4 

U 

680 

1.U33 

98.8667 

80 

.1333 

99.8667 

30 

.0833 

99.9167 

34 

.0899 

99.9101 

24 

.0399 

99.9601 

26 

.0433 

99.9367 

14 

.0233 

99.9767 

4 

6.6X-03 

99.9934 

10 

.0166 

99.9834 

8 

.0133 

99.9867 

TABLE  7.  INACTIVATION  OF  POLIOVIRUS  1  AT  5®C  IN  NONBUFFERED 
PURIFIED  HATER  AT  PH  9.0  BY  APPROXIMATELY  1  MG/L  OF 
FREE  CHLORINE  IN  THE  PRESENCE  &  ABSENCE  OF  KC1 . 


TEST  #1  CHLORINE  (M6/L):  .95  XCl  (M6/L):  0  CONTROL  (PFU/ML):  145000 
INITIAL  CHLORINE  (HG/L):  1.03 

rat  SAKPU  I  SAHPU  2  ATmCZ  S0I717AL  ZSiCnViZlOH 

cm.)  (jnnsL)  (fro/HL)  imnsL)  (2)  (2) 

4  UOOO  144000  116000  80  20 

8.5  88000  88000  88000  60.6896  39.3104 

U  68000  72000  70000  48.2738  31.7242 

16  64000  28000  46000  31.7241  68.2739 

20  13600  17200  16400  11.3103  88.6897 

24  13600  18400  17000  11.7241  88.2739 

28  16800  16400  16600  11.4482  88.3318 

32  8800  9200  9000  6.2068  93.7932 

36  4400  4000  4200  2.8963  97.1033 

40  4400  3600  4000  2.7386  97.2414 

44  4800  6000  5400  3.7241  96.2739 

48  2000  1840  1920  1.3241  98.6739 


TEST  #2  CHLORINE  (MG/L):  .93  KCl  (MG/L):  21  CONTROL  (PFU/ML):  145000 
INITIAL  CHLORINE  (MB/L):  1.03 


TZMB 

iiKFU  I 

SAKPU  2 

ATSI4CX 

SUtmAL 

ZS4CTZ7AXI0H 

(m.) 

(m/HL) 

imnsL) 

(PPO/ML) 

(X) 

(X) 

4 

120000 

MOOO 

124000 

122000 

84.1379 

13.8621 

6 

40000 

40000 

27.3862 

72.4138 

U 

44000 

44000 

44000 

30.3448 

69.6332 

16 

13200 

14400 

14800 

10.2068 

89.7932 

20 

14400 

16400 

13400 

10.6206 

89.3794 

24 

7600 

lOSii^O 

9200 

6.3448 

93.6532 

28 

4000 

4000 

4000 

2.7386 

97.2414 

32 

1600 

1880 

1740 

1.2 

98.8 

36 

1080 

800 

940 

.6482 

99.3318 

40 

760 

480 

620 

.4273 

99.3723 

44 

360 

360 

360 

.2482 

99.7318 

48 

68 

60 

64 

.0441 

99.9339 

32 
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TABLE  7.  (CONnNUEO) 


TEST  #3  CHLORINE  (MS/L):  .9  KC1  (MG/L):  526  CONTROL  (PFU/ML):  145000 
INITIAL  CHLORINE  (NG/L):  1.03 


HUB 

SilffU  1 

SiHRJ  2 

49224(3 

S027I7iL 

xl4Cn94TZ(» 

Omr.) 

(in/HL) 

(pro/HL) 

(Pro/HL) 

(1) 

(1) 

2 

108000 

132000 

120000 

82.7384 

17.2414 

4 

48000 

32000 

30000 

34.4827 

43.3173 

i 

48000 

28000 

48000 

33.1034 

44.8944 

8 

12800 

10800 

11800 

8.U79 

91.8421 

10 

3200 

3400 

3400 

2.3448 

97.4332 

u 

720 

320 

420 

.4273 

99.3723 

u 

94 

84 

90 

.042 

99.938 

14 

U 

14 

14 

9.62-03 

99.9904 

18 

8 

0 

4 

2.72-03 

99.9973 

20 

4 

4 

4 

2.72-03 

99.:973 

22 

1/4 

1/4 

1/4 

2/4 

2/4 

24 

1/4 

1/4 

1/4 

1/4 

2/4 

TEST  #4  CHLORINE  (MG/L):  .85  KC1  (NG/L):  1,262  CONTROL  (PFU/ML):  145000 


INITIAL  CHLORINE  (NG/L): 

1.03 

nia 

SiBPU  1 

Si»12  2 

4922402 

SS2TI94L 

I24i:t£94Xia2 

Omi.) 

(PfO/ML) 

(PPO/HL) 

(prr/2L) 

(1) 

(1) 

1 

74000 

40000 

38000 

40 

60 

2 

1840 

2000 

1920 

1.3241 

98.6739 

3 

120 

U2 

U4 

.0799 

99.9201 

4 

28 

34 

32 

.022 

99.978 

3 

16 

4 

10 

4.82-03 

99.9932 

4 

0 

0 

0 

<  0.0001 

>  99.9999 

7 

0 

0 

0 

<  0.0001 

>  99.9999 

8 

4 

8 

4 

4.12-03 

99.9939 

9 

8 

0 

4 

2.72-03 

99.9973 

10 

2/4 

2/4 

2/4 

2/4 

2/4 

11 

0 

0 

0 

<  O.OQOl 

>  99.9999 

U 

0 

0 

0 

<  0.0001 

>  99.9999 

33 


TABLE  8.  INACTIVATION  OF  POLIOVIRUS  1  AT  5®C  IN  NONBUFFERED 
PURIFIED  WATER  AT  PH  9.0  BY  APPROXIMATELY  5  M6/L  OF 
FREE  CHLORINE  IN  THE  PRESENCE  &  ABSENCE  OF  KC1 . 


TEST  #1  CHLORINE  (MG/L):  5  KCl  (MG/L)t  0 
INITIAL  CHLORINE  (MG/L):  5.13 


CONTROL  (PFU/ML):  110000 


os 

SA2ffL£  1 

SAlffIX  2 

47X2403 

30271741 

Z24CTI743Z0S 

01.) 

(WU/WL) 

(mna.) 

(PTO/NL) 

(X) 

(I) 

2 

44000 

32000 

48000 

43.6343 

34.3437 

4 

14800 

8000 

U400 

10.3434 

89.4344 

6 

11200 

10400 

10800 

9.8181 

90.1819 

« 

4400 

4800 

3400 

3.0909 

H.9091 

10 

1940 

1400 

1780 

1.4181 

98.3819 

12 

1480 

1400 

1440 

1.309 

98.691 

14 

480 

440 

340 

.309 

99.491 

14 

LS4 

124 

140 

.U72 

99.8728 

18 

48 

88 

78 

.0709 

99.9291 

20 

1/4 

1/4 

8/4 

1/4 

1/4 

TEST  #2  CHLORINE  (MG/L):  5  KCl  (MG/L):  21  CONTROL  (PFU/ML):  110000 


INITIAL 

CHLORINE  (MG/L): 

5.13 

112a 

SilffU  1 

SiKPLX  2 

47Z24CZ 

30271744 

ZX4C7I74XZ( 

ClfZS.} 

(PFO/211) 

(m/vL) 

imna.) 

(1) 

(Z) 

2 

32000 

32000 

42000 

38.1818 

41.8182 

4 

13600 

13200 

13400 

14 

84 

4 

10800 

U400 

11400 

10.3434 

89.4344 

8 

4800 

3200 

4000 

3.43450001 

94.3433 

10 

1400 

1800 

1700 

1.3434 

98.4344 

U 

800 

1040 

920 

.8343 

99.1437 

14 

194 

208 

202 

.1836 

99.8164 

14 

84 

84 

84 

.0743 

99.9237 

18 

8 

40 

24 

.0218 

99.9782 

20 

12 

14 

14 

.0127 

99.9873 

34 
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TABLE  8.  (CONnNUEO) 


TEST  #3  CHLORINE  (MG/L):  4.88  KCl  (MG/L):  526  CONTROL  (PFU/ML):  liOOOO 
INITIAL  CHLORINE  (MG/L);  5.13 


Tm 

SA11PL2  1 

SiHPLS  2 

Avaia 

SDtmiL 

Xa4CTZ74S10S 

Ocor.) 

(in/io.) 

(m/ML) 

(m/ia.) 

(X> 

(I) 

.5 

40000 

44000 

42000 

34.1414 

61.8182 

.73 

U400 

10400 

11400 

10.3636 

89.6364 

I 

10400 

9600 

10200 

9.2727 

90.7273 

1.25 

76C0 

10400 

9000 

4.1814 

91.8182 

1.5 

4400 

5600 

5000 

4.5454 

95.4546 

1.75 

1720 

1600 

1660 

1.509 

98.491 

2 

1540 

1400 

1440 

1.3454 

98.6546 

2.25 

640 

1040 

460 

.7818 

99.2182 

2.5 

440 

440 

440 

.4 

99.6 

3 

520 

440 

440 

.4363 

99.5637 

TABLE  9.  INACTIVATION  OF  POLIOVIRUS  1  AT  IN  IWNBWhtKtU 
PURIFIED  HATER  AT  PH  9.0  BY  APPROXIMATaY  5  H6/L 
FREE  CHLORINE  IN  THE  PRESENCE  &  ABSENCE  OF  KC1. 


TEST  #1  CHLORINE  (MG/L):  5  KCT  (MG/L):  0  CONTROL  (PFU/ML):  110000 
INITIAL  CHLORINE  (MG/L):  5.05 


tIMB 

AAlfflS  1 

SAHPLB  2 

A72BACX 

SOiVIViL 

ZS4CXX74XI0N 

OfZB.) 

(m/HL) 

(tn/VL) 

(270/HL) 

(X) 

(1) 

1 

24000 

44000 

36000 

32.7272 

47.2724 

2 

11400 

16400 

17600 

16 

44 

3 

14000 

32000 

24000 

21.4141 

74.1419 

4 

1400 

12000 

10400 

9.4545 

90.5455 

11600 

9200 

10400 

9.4545 

90.5455 

4 

5400 

7400 

6600 

6 

94 

7 

4000 

7200 

6600 

6 

94 

4000 

4400 

4400 

4  ' 

94 

9 

2400 

2560 

2640 

2.4363 

97.5637 

10 

4400 

6400 

6400 

6.1414 

93.4142 

U 

1440 

1640 

1640 

1.4909 

94.5091 

u 

1400 

1520 

1460 

1.3272 

94.6724 

TEST  #2 

CHLORINE  (MG/L):  5.05 
INITIAL  CHLORINE  (MG/L) 

KCl  (MG/L): 
:  5.05 

21  CONTROL  (PFU/ML) :  110000 

Tna 

SAUFU  1 

SiKTU  2 

Avnifix 

suxmiXr 

XlACXZTATZaS 

dan.) 

(m/ML) 

(TTO/XL) 

Orro/HL) 

(1) 

(I) 

i 

40000 

40000 

60000 

54.5454 

45.4546 

2 

44000 

36000 

40000 

36.3636 

63.6364 

3 

15200 

16400 

15800 

U.3636 

85.6364 

4 

10400 

11600 

11200 

10.1818 

89.8182 

5 

9600 

9600 

9600 

8.72720001 

91.2728 

6 

7600 

8000 

7800 

7.0909 

92.9091 

7 

12000 

U600 

11800 

10.7272 

89.2728 

4 

4400 

9200 

8800 

8 

92 

9 

6000 

4400 

5200 

4.7272 

95.2728 

10 

2560 

2440 

2500 

2.2727 

97.7273 

12 

1320 

320 

820 

.7454 

99.2546 

14 

264 

232 

250 

.2272 

99.n28 

36 
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TABLE  9.  (CONnNUEO) 


TEST  #3  CHLORINE  (MS/L):  4.95  KCl  (M6/L):  526  CONTROL  (PFU/ML):  110000 
INITIAL  CHLORINE  (M6/L):  5.05 


HHB 

SiHPLI  I 

SilfPU  2 

4m4CX 

8D17IV4L 

XB4Cn74ZlOH 

QfZH.) 

(pru/HL) 

<m/KL) 

iirtfla.) 

(X) 

(X) 

.5 

17200 

7400 

U4C0 

11.2727 

88.7273 

I 

4400 

3400 

5200 

h.mi 

95.2728 

1.5 

UOO 

1200 

UOO 

1.0909 

98.9091 

2 

194 

208 

202 

.1834 

99.8144 

2.5 

24 

34 

30 

.0272 

99.9728 

3 

24 

14 

20 

.0181 

99.9819 

3.5 

U 

U 

U 

.0109 

99.9891 

4 

28 

28 

28 

.0254 

99.9744 

4.5 

8 

8 

8 

7.2X-03 

99.9928 

5 

U 

8 

10 

91-03 

99.991 

5.5 

1/4 

1/4 

1/4 

1/4 

1/4 

4 

1/4 

1/4 

1/4 

1/4 

1/4 

TEST  #4  CHLORINE  (MG/L):  5  KCl  (MG/L):  1.262  CONTROL  (PFU/ML) »  110000 
INITIAL  CHLORINE  (MG/L):  5.05 


TDH 

uasra  i 

SAHFU  2 

470401 

smcmiL 

I14CXI7AXI0S 

QOI.} 

(PJO/IL} 

<m/iL} 

(m/KL) 

(X) 

(X) 

.5 

Utk 

1/4 

1/4 

1/4 

1/4 

.75 

1/4 

M/k 

1/4 

1/4 

1/4 

1 

400 

540 

580 

.5272 

99.4728 

1.25 

1/4 

1/4 

1/4 

1/4 

1/4 

1.5 

72 

32 

52 

.0472 

99.9528 

1.75 

1/4 

1/4 

1/4 

1/4 

1/4 

2 

14 

20 

18 

.0163 

99.9837 

2.25 

Vtk 

1/4 

1/4 

1/4 

1/4 

2.5 

0 

0 

0 

<0.0001 

>  99.9999 

2.75 

1/4 

1/4 

1/4 

1/4 

1/4 

3 

0 

0 

0 

<  0.0001 

>  99.9999 

3.25 

1/4 

1/4 

1/4 

1/4 

1/4 
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TABLE  10.  (COnnNUED) 


TEST  #3  CHLORINE  (MG/L);  1  KCl  (M6/L);  526  CONTROL  (PFU/M);  132000 
INITIAL  CHLORINE  (MG/L)i  1.2 


Tm 

fiunx  1 

t4mi  2 

470401 

SOtTITAL 

XI4CTr7AnOI 

(MZI.} 

(m/itL) 

(3T0/lfL> 

(m/KL) 

(2) 

(X) 

2 

1720 

1400 

1360 

1.1818 

91.8182 

4 

1760 

1320 

1640 

1.2424 

98.7376 

4 

196 

164 

180 

.1363 

99.8637 

1 

U 

66 

76 

.0373 

99.9423 

10 

16 

12 

14 

.0106 

99.9894 

U 

60 

U 

72 

.0343 

99.9453 

14 

36 

u 

24 

.0181 

99.9819 

1* 

0 

6 

0 

<  0.0001 

>  99.9999 

11 

• 

24 

16 

.0121 

99.9879 

20 

0 

4 

2 

1.3IH)3 

99.9983 

TEST  #4  CHLORINE  (MG/L):  1.02  NCI  (MG/L);  1,262  CONTROL  (PFU/ML):  132000 
INITIAL  CHLORINE  (MG/L)i  1.2 


Ton 

uunt  1 

t4KFU  2 

47X1408 

80t7IT4L 

Z14CTI74n(»l 

OCXS.) 

(m/ML) 

(m/Mi) 

(m/Nij 

(X) 

(X) 

.3 

12400 

6400 

9400 

7.1212 

92.8788 

1 

2600 

2800 

2700 

2. 0434 

97.9346 

1.3 

4000 

4000 

4000 

3.0303 

96.9697 

2 

640 

640 

660 

.3 

99.3 

2.3 

192 

164 

178 

.134.1 

99.8632 

3 

132 

164 

138 

.1196 

99.8804 

3.3 

760 

640 

700 

.3303 

99.4497 

4 

92 

108 

100 

.0737 

99.9243 

4.3 

36 

40 

38 

.0287 

99.97U 

3 

104 

96 

lOO 

.0737 

99.9243 

39 
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TABLE  n.  INACTIVATION  OF  POLIOVIRUS  1  AT  5®C  IN  N0N8UFFERED  TAP 
MATER  AT  PH  9.0  BY  APPROXIMATELY  5  M6/L  OF  FREE  CHLORINE  IN 
THE  PRESENCE  AND  ABSENCE  OF  KC1 . 


TEST  #1  CHLORINE  (MG/L);  4.98  Ka  (MG/L):  0  CONTROL  (PFU/ML){  175000 
INITIAL  CHLORINE  (M6/L);  5.05 


TZMX 

UHFII  1 

SAlffLX  2 

i.m46X 

SnTI74L 

ZBACTXY4nOB 

(Mza.) 

<m/ML) 

(m/ML) 

(m/ML) 

(X) 

(X) 

2 

1/4 

1/4 

B/4 

B/4 

1/4 

4 

f/4 

B/4 

B/4 

B/4 

1/4 

4 

1/4 

1/4 

B/4 

B/4 

b/  a 

1 

1/4 

B/4 

B/4 

B/4 

B/4 

10 

1/4 

B/4 

B/4 

B/4 

B/4 

12 

1/4 

B/4 

B/4 

B/4 

a/4 

14 

1/4 

B/4 

B/4 

B/4 

B/4 

14 

1/4 

B/4 

Bi 

B/4 

B/4 

14 

f/4 

B/4 

B/4 

B/4 

1/  A 

20 

B/4 

B/4 

B/4 

B/4 

I/A 

TEST  #2  CHLORINE  (MG/L)t  5  KCl  (M6/L):  0  CONTROL  (PFU/ML)»  175000 
INITIAL  CHLORINE  (MG/L):  5.05 


(HU.) 


fiMPIX  1 
(m/ML) 


SAMPU  2 
(m/ML) 


ATXlACt 

(m/ML> 


SUIYITAL 

(X) 

.4299 
4.a>03 
2.2X*03 
<  0.0001 
<  0.0001 
<  0.0001 

<  O.OO&l 

<  0.0001 
<  0.0001 
<  0.0001 


ZRACTITAnOV 

(X) 

99.3401 

99.9932 

99.9974 

>  99.9999 

>  99.9999 

>  99.9999 

>  99.9999 

>  99.9999 

>  99.9999 

>  99.9999 


TABLE  11.  (CONnNUEO) 


TEST  13  CHLORINE  (N6/L):  4.8S  KC1  (N6/L}{ 


526  control  (PFU/MDi  175000 


INITIAL  CHLORINE  (MG/L):  5.05 


TDH 

tiMPU  1 

SiMPU  2 

APxua 

20lfIV4L 

nUCTTVA 

omr.) 

(m/ML) 

(PPO/HL) 

(pn/NL) 

(X) 

!  (X) 

.3 

IMOO 

22200 

20200 

11.2237 

22.1143 

1 

2240 

1200 

2020 

1.1342 

92.2452 

1.3 

220 

232 

222 

.1302 

99.2292 

2 

20 

12 

12 

.0102 

99.9292 

2.3 

1 

20 

U 

21-03 

99.992 

3 

0 

0 

0 

<  0.0001 

>  99.9999 

3.3 

4 

0 

2 

1.12-03 

99.9929 

4 

0 

0 

0 

<  0.0001 

>  99.9999 

4.3 

0 

0 

0 

<  6.0001 

>  99.9999 

3 

0 

0 

0 

<  0.0001 

>  99.9999 

TEST  14  CHLORINE  (MG/L):  4.8  KC1  (MG/L);  1,262 
INITIAL  CHLORINE  (MG/L);  5.05 


CONTRtk  (PFU/ML);  175000 


ma 

242P12  1 

2illPU  2 

4TII4CI 

SOimAL 

1 

X14CTr74 

Ocxi.) 

(PPO/ML) 

(Pro/ML} 

(PPO/ML) 

(X) 

(X) 

.23 

24000 

92000 

12000 

30.2237 

49.7143 

.3 

13200 

19200 

17200 

9.2223 

90.1713 

.73 

2000 

2200 

7400 

4.2223 

93.7713 

1 

2120 

1920 

2040 

1.1237 

92.2343 

1.23 

202 

242 

222 

.U02 

99.2692 

1.3 

40 

40 

40 

.0222 

99.9772 

1.  73 

4 

4 

4 

2.22-03 

99.9972 

2 

0 

0 

0 

<  0.0001 

>  99.9999 

2.23 

4 

4 

4 

2.22-03 

99.9972 

2.3 

0 

0 

0 

<  0.0001 

>  99.9999 
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INACTIVATION  OF  POLIOVIRUS  1  AT  5®C  IN  PHTHAUTE-BUFFERED 
PURIFIED  HATER  AT  PH  <1.5  BY  APPROXIHATELY  1  HG/L 
FREE  CHLORINE  IN  THE  PRESENCE  AND  ABSENCE  OF  KCL 
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FIGURE  2.  INACTIVATION  OF  POLIOVIRUS  1  AT  IN  PHTHALATE-^BUPFERED 
PURIFIED  WATER  AT  PH  4.5  BY  APPROXIMATELY  5  M6/L  OF  FREE 
CHLORINE  IN  THE  PRESENCE  AND  ABSENCE  OF  KCL 
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FIGURE  3.  IHACTIVATION  OF  POLIOVIRUS  1  AT  5°C  IN  BORATE-BUFFERED 
PURIFIED  RATER  AT  PH  9.0  BY  APPROXIHATELY  1  HG/L  OF 
FREE  CHLORINE  IN  THE  PRESENCE  AND  ABSENCE  OF  KCL 


TIME  (MINUTES) 


FIGURE  4,  INACTIVATION  OF  POLIOVIRUS  1  AT  IN  BORATE-BUFFERED 
PURIFIED  HATER  AT  PH  9.0  BY  APPROXIMATELY  1  MG/L  OF 
FREE  CHLORINE  IN  THE  PRESENCE  AND  ABSENCE  OF  KCL 
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FIGURE  6.  INAaiVATION  OF  POLIOVIRUS  1  AT  5°C  IN  BORATE-BUFFERED 
TAP  HATER  AT  PH  9.0  BY  APPROXIHATELY  5  HG/L  OF  FREE  CHLORINE 
IN  THE  PRESENCE  AND  ABSENCE  OF  KCL 
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FIGURE  8,  INACTIVATION  OF  POLIOVIRUS  1  AT  5°C  IN  NONBUFFEREP 
PURIFIED  HATER  AT  PH  9.0  BY  APPROXIMATELY  5  I16/L 
OF  FREE  CHLORINE  IN  THE  PRESENCE  t  ABSENCE  OF  KCL 
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FIGURE  9.  INACTIVATION  OF  POUOVIRUS  1  AT  5°C  IN  NONBUFFERED 
PURIFIED  HATER  AT  PH  9.0  BY  APPROXIMATELY  5  MG/L 
OF  FREE  CHLORINE  IN  THE  PRESENCE  t  ABSENCE  OF  KCL 
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FIGURE  10,  INACTIVATION  OF  POLIOVIRUS  1  AT  IN  NONBUFFERED  TAP 
WATER  AT  PH  9.0  BY  APPROXIMATELY  1  M6/L  OF  FREE  CHLORINE  IN 
THE  PRESENCE  AND  ABSENCE  OF  KCL 
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FIGURE  11.  mamim  of  poliovirus  i  at  5®c  in  nonbuffered  tap 

HATER  AT  PH  9,0  BY  APPROXIMATELY  5  M6/L  OF  FREE  CHLORINE  IN 
THE  PRESENCE  AND  ABSENCE  OF  KCL 
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FIGURE  12.  EFFECT  OF  CL‘  ON  THE  INACTIVATION  OF  POLIOVIRUS  1 
(99,991)  AT  5<>C  BY  FREE  CHLORINE  AT  PH  9.5  IN  PHTHALATE- 

BUFFERED  PURIFIED  HATER 


TIME  (MINUTES) 


FIGURE  13,  EFFEa  OF  KCL  ON  THE  INACTIVATION  OF  POLIOVIRUS  1 
(99,991)  AT  5°C  RY  FREE  CHLORINE  AT  PH  9.0  IN 
BORATE-BUFFERED  PURIFIED  HATER 


TIME  (MINUTES) 


FIGURE  14.  EFFECT  OF  KCL  ON  THE  INACTIVATION  OF  POLIOVIRUS  1 
(99.99X)  AT  50C  BY  FREE  CHLORINE  AT  PH  9,0  IN 
NONBUFFERED  PURIFIED  HATER 


HGURE  15.  EFFECT  OF  0.05  N  BORATE  BUFFER  ON  THE  INAaiVATION  Of 
POLIOVIRUS  1  (99.SM)  AT  BY  FREE  CHLORINE  AT  PH  9.0 


INACTIVATION  OF  POLIOVIRUS  1  (99,99X)  AT  5®C  B 
CHLORINE  AT  PH  9,0  IN  NONBUFFERED  PURIFIED 
HATER  AND  IN  NONBUFFERED  TAP  HATER . 


APPENDIX  C 


(LIST  OF  TABLES,  pH  10.0]) 
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TABLE  AT .  INACTIVATION  OF  POLIOVIRUS  1  AT  5®C  IN  BORATE-BUFFERED  PURIFIED  WATER 
AT  pH  10.0  BY  APPROXIMATELY  0.63-0.65  H6/L  OF  FREE  CHLORINE  IN  THE 
PRESENCE  AND  ABSENCE  OF  XCL. 


nST  0  1  CHLOim  (MC/L)  t  .65 
HZTIAL  CHLOtlW  (MS/l) 


.67 


KCL  (M6/L)  t  0  COmOL  (PTU/ML)  •  152000 


TZMI 

SAMPU  1 

SAMPU  2 

Avmci 

SinviTAL 

XXACnVATK 

(imi.) 

(PPO/ML) 

(PfU/ML) 

(PPO/ML) 

(X) 

(X) 

1 

184000 

184000 

184000 

121.0526 

-21.0526 

2 

144000 

10400C 

124000 

81.5789 

18.4211 

3 

144000 

104000 

124000 

81.5789 

18.4211 

5 

132000 

116000 

124000 

81.5789 

18.4211 

'  8 

116000 

108000 

112000 

73.6842 

26.3158 

10 

104000 

108000 

106000 

69.7368 

30.2632 

15 

104000 

96000 

100000 

65.7894 

34.2106 

20 

56000 

36000 

46000 

30.2631 

69.7369 

25 

37200 

29200 

33200 

21.8421 

78.1579 

30 

22800 

25200 

24000 

15.7894 

84.2106 

•  I 

j 


TEST  #  2 
TZW 

dear.) 

1 

2 

3 

5 

8 

10 

15 

20 

25 

30 


CHLOtm  (MC/I.)  I  .64 
ZH1TI4I.  CBLOIZn  (1»/L}  i 


SAMPLI  1 
(pro/ML) 


S411FL8  2 
(PPO/ML) 


.67 


KCL  (MC/L)  I  21  COtraOL  (FrU/ML)  I  152000 


ATESAGI 

(PPU/ML) 


63 


8DtVIT4I. 

(X) 


152000 

200000 

176000 

115.7894 

2O4000 

168000 

186000 

122.3684 

160000 

112000 

136000 

89.4736 

132000 

104000 

118000 

77.6315 

120000 

136000 

128000 

84.2105 

I/A 

I/A 

I/A 

I/A 

I/A 

I/A 

I/A 

I/A 

I/A 

I/A 

I/A 

I/A 

I/A 

I/A 

I/A 

I/A 

17600 

16000 

16800 

11.0526 

ZSACnVATXOl 

(X) 

-15.7894 

-22.3684 

10.5264 

22.3685 

15.7895 

H/A 

I/A 

I/A 

I/A 

88.9474 


TABLE  A2.  INACTIVATION  OF  POLIOVIRUS  1  AT  5®G  IN  B0RAT£-BUFFERF0  PURIFIED  WATER 
AT  pH  10.0  BY  APPROXIMATELY  0.63  M6/L  ff  FREE  CHLORINE  IN  THE 
PRESENCE  AND  ABSENCE  OF  KCL 


WST  #  1  CHLOtIHB  (MC/L)  i  .63  iCCL  (MC/L)  i  526  COHTSOL  (rVU/ML)  i  149000 

niTXAL  CiLORiai  (MG/L)  •  .69 


TXMB 

SAMPLE  1 

SAMPLE  2 

AVEEAfil 

8UEVIVAL 

HACTXVATIOI 

MU.) 

(PVn/ML) 

(PPO/ML) 

(PPO/ML) 

(X) 

(X) 

1 

I/A 

I/A 

I/A 

I/A 

I/A 

2 

I/A 

I/A 

I/A 

I/A 

I/A 

3 

I/A 

I/A 

I/A 

I/A 

I/A 

5 

I/A 

I/A 

I/A 

I/A 

I/A 

8 

I/A 

I/A 

I/A 

I/A 

I/A 

10 

I/A 

I/A 

I/A 

I/A 

I/A 

15. 

20000 

44000 

32000 

21.4765 

78.5235 

20 

12000 

12000 

12000 

8.0536 

91.9464 

25 

20000 

20000 

20000 

13.4228 

86.5772 

30 

I/A 

I/A 

I/A 

I/A 

I/A 

TEST  #  2  (MC/L)  i  .62  KCL  (MC/L)  t  1.262  CORSOL  (m/ML)  i  149000 

ZHTUL  CBLOim  (HB/L)  t  .69 


TIME 

SAMPLE  1 

SAMPLE  2 

AmAGB 

SOEYIVAL 

hactxvaxioi 

MU.) 

(PfO/ML) 

(PPO/ML) 

(PPO/ML) 

(X) 

(X) 

1 

I/A 

I/A 

H/A 

H/A 

H/A 

2 

I/A 

I/A 

H/A 

H/A 

I/A 

3 

I/A 

H/A 

I/A 

H/A 

H/A 

5 

I/A 

h/a 

H/A 

H/A 

H/A 

8 

l/A 

H/A 

H/A 

H/A 

I/A 

10 

H/A 

H/A 

H/A 

H/A 

H/A 

15 

I/A 

H/A 

H/A 

H/A 

H/A 

20 

H/A 

H/A 

H/A 

H/A 

H/A 

25 

24000 

36000 

30000 

20.1342 

79.8658 

30 

4000 

8000 

6000 

4.0268 

95.9732 

TABLE  A3.  INACTIVATION  OF  POLIOVIRUS  1  AT  5°C  IN  BORATErBUPFERED  PURIFIED 
MATER  AT  pH  10.0  BY  APPROXIMATELY  1.3  M6/L  OF  FREE  CHLORINE  IN 
THE  PRESENCE  AND  ABSENCE  OF  KCL 


T18T  #  I  CHI.01TTiI  (MS/L)  i  1.27  KCL  (MCA.)  i  0  CMTIOL  (m/ML)  i  178000 

ZmXAL  CHLOim  (M6/L)  i  1.3 


Tin 

SAMrU  1 

SAMPU  2 

AVnACI 

SUIVIVAL 

nAcnvAizcw 

(MU.) 

(iru/M.) 

(PIU/IL) 

(PFa/ML) 

(X) 

(X) 

10 

■/A 

I/A 

I/A 

I/A 

I/A 

20 

I/A 

I/A 

I/A 

I/A 

I/A 

30 

I/A 

I/A 

I/A 

I/A 

I/A 

40 

240 

360 

300 

.1685 

99.8315 

50 

I/A 

I/A 

I/A 

I/A 

I/A 

60 

I/A 

I/A 

I/A 

I/A 

I/A 

70 

I/A 

I/A 

I/A 

I/A 

I/A 

80 

I/A 

I/A 

I/A 

I/A 

I/A 

90 

56 

20 

38 

.0213 

99.9787 

100 

0 

0 

0 

<  0.0001 

>  99.9999 

TEST  #  2  CHLOITW  (KS/L)  i  1.22  Ka  (MC/L)  i  21  COBTIOL  (PFU/ML)  i  178000 

HITZAL  CHLOtm  (MS/L)  i  1.3 

TZMI  SAMFU  1  SAMPLI  2  AVKSAGS  SUAVIVAL  ZIACTIVATIOH 
(HIM.)  (?rU/ML)  (FfTJ/ML)  (m/ML)  (X)  (X) 

10  I/A  I/A  I/A  H/A  I/A 

20  36000  52000  AAOOO  24.7191  75.2809 

30  2000  0  1000  .5617  99.4383 

40  800  400  600  .337  99.663 

50  80  120  100  ,0561  99.9439 

W  80  40  60  .0337  99.9663 

TO  40  40  40  .0224  99.9776 

80  I/A  I/A  I/A  I/A  I/A 


TABLE  A4.  (Continued) 


TEST  #  3  ClLOtZMB  (k^/L)  i  5.69  Ka  (MQ/L) 

XVITZAL  CHLUtZn  (MC/L)  i  9.55 


526  COMTIOL  (m/HL)  I  143000 


TIKB  SAMPU  1 

(Id.)  (TTO/KL) 


8411PLI  2  AVB14CB  SUIVIVAL 

(?rO/KL)  (PPD/ML)  j(X> 


XMACTZVATXOM 

(Z) 


1.5 

84000 

44000 

64000 

U. 

7552 

55.2U8 

3 

72000 

40000 

56000 

39. 

1608 

60.8392 

4.5 

11600 

6800 

9200 

6. 

4335 

93.5665 

6 

1800 

1600 

1700 

1. 

1888 

98.8112 

7.9 

144 

32 

88 

0615 

99.9385 

9  ■ 

40 

28 

34 

i 

0237 

99.9763 

10.5 

20 

36 

28 

0195 

99.9805 

12 

20 

12 

16 

0111 

99.9889 

13.5 

16 

12 

14 

9.7 

l•03 

99.9903 

15 

12 

16 

14 

9.7 

B-03 

99.9903 

nST  #  4  CILOUIB  (N8/L)  i  5.64 
ZVITXAL  CILOtZIl  (MC/L) 


KCL  (MO/L) 

9.95 


^  .262  cotnot.  (m/ML)  I  143000 


Tzn 

SAMPLI  1 

SAMPLI  2 

(MIX.) 

(nru/ML) 

(PPO/ML) 

1.5 

60000 

48000 

3 

520 

560 

4.5 

100 

132 

6 

U 

48 

7.5 

32 

36 

9 

36 

36 

10.5 

0 

0 

12 

■.{ 

12 

13.5 

1? 

12 

15 

12 

8 

AVIXACX 

sinmivAL 

XXACTXPATIOX 

(PPO/ML) 

(X) 

(X) 

54000 

37. 

7622 

62.2378 

540 

3776 

99.6224 

116 

0811 

99.9189 

46 

0321 

99.9679 

34 

* 

0237 

99.9763 

36 

• 

0251 

99.9749 

0 

<  0. 

0001 

>  99.9999 

6 

1-03 

99.9939 

12 

8.3 

1-03 

99.9917 

10 

6.9 

1-03 

99.9931 

67 


TABLE  ASA.  INACTIVATION  OF  POLIOVIRUS  1  AT  5®C  IN  BORATE  ^BUFFERED  PURIFIED 
WATER  AT  pH  10.0  BY  APPROXIMATELY  0.81  rO, 83  H6/L  OF  FREE  CHLORINE 
IN  THE  PRESENCE  AND  ABSENCE  OF  KCL 


tB8T  #  1 

CHL01II8  (MC/L) 

1  .81 

KCL  (MC/l 

ZIXTXAL  CHLOim  (MC/L)  i 

.9 

mat 

SAMPLB  1 

8AMPL8  2 

AV18ACI 

(MU.) 

(PVO/ML) 

(P70/ML) 

(FFO/ML) 

10 

128000 

104000 

116000 

20 

120000 

84000 

102000 

30 

68000 

44000 

56000 

40 

24000 

48000 

36000 

50 

8400 

6000 

7200 

60 

160 

800 

480 

70 

68 

68 

68 

80 

8 

4 

6 

90 

4 

8 

6 

100 

16 

16 

16 

8U1V1VAL 

(X) 

54.2056 

47.6635 

26.1662 

16.8224 

3.3644 

.2242 

.0317 

2.68-03 

2.88-03 

7.48-03 


XliCnVATXOf 

(I) 

45.7944 

52.3365 

73.6318 

83.1776001 

96.6356 

99.7758 

99.9683 

99.9972 

99.9972 

99.9926 


tl8T  #  4 

CBLOtlR  (MC/L) 

1  .83 

KCL  (MC/l 

IXXTIAL  CBLORXn  (ikS/L)  i 

.9 

TXMI 

SAMFLI  1 

8AMPU  2 

AVnACI 

(Mil.) 

(P?0/ML) 

(pro/ML) 

(PTU/ML) 

10 

68000 

44000 

56000 

20 

44000 

60000 

52000 

30 

15600 

13600 

14600 

40 

4000 

5200 

4600 

50 

1160 

1680 

1420 

60 

280 

240 

260 

70 

96 

76 

86 

80 

80 

44 

62 

90 

72 

40 

56 

100 

40 

24 

32 

801TIVAL 

(I) 

34.7826 

32.2981 

9.0683 

2.8571 

.8819 

.1614 

.0534 

.0385 

.0347 

.0198 


XI4CT17ATZ0M 

(I) 

65.2174001 

67.7019 

90.9317 

97.1429 

99.1181 

99.8386 

99.9466 

99.9615 

99.9653 

99.9802 


TABLE  A5B.  INACTIWION  OF  POLrOVIRUS  1  AT  5®C  IN  BORATE-BUFFERED  PURIFIED 
MATER  AT  pH  lO.O  BY  APPROXIMATELY  Q.61-0.77  MG/L  OF  FREE 
CHLORINE  IN  THE  PRESENCE  AND  ABSENCE  OF  KCL 


TI8T  #  2  CHLOtXn  (MB/L)  i  .61  KCL  (MC/l)  i  3,728  COMTKOL  (PTU/ML)  i  214000 

mTUX  CBLOUIl  (M6/L)  i  .9 


TIMI 

SAMPLE  1 

SAMPLE  2 

AVESACE 

SUEVIVAL 

IHACnVATlOH 

(KXl.) 

(PTU/ML) 

(PfU/ML) 

(PPU/ML) 

(I) 

(X) 

.5 

108000 

136O0O 

122000 

57.0093 

42.9907 

1 

96000 

164000 

130000 

60.7476 

39.2324 

1.3 

116000 

104000 

110000 

51.4018 

48.5982 

2 

160000 

140000 

148000 

154000 

71.9626 

28.0374 

3 

124000 

132000 

61.6822 

38.3178 

4 

76000 

108000 

92000 

42.9906 

37.0094 

5 

96000 

96000 

96000 

44.5598 

55.1402 

6 

120000 

128000 

124000 

57.9439 

42.0561 

7 

116000 

104000 

110000 

51.4018 

48.5982 

6 

48000 

80000 

64000 

29.9065 

70.0935 

TEST  #  3  CaLOKin  (MB/t)  i  ,77  Ka  (MB/L)  i  3,728  COETML  (FTU/ML)  i  161000 


XMXTIAL  CBLOEXXE  (MB/L)  i 

.9 

TIME 

SAMPLE  1 

SAMPLE  2 

ATEIAGE 

SUE71VAL 

XEACTIVATIOB 

(MIX.) 

(PPO/ML) 

(PPO/ML) 

(PPU/ML) 

(X) 

(X) 

.5 

120000 

72000 

96000 

59.6273 

40.3727 

9 

112000 

124000 

118000 

73.2919 

26.7081 

1.5 

60000 

88000 

74000 

45.9627 

54.0373 

2 

84000 

84000 

84000 

52.1739 

47.8261 

3 

MOOO 

64000 

74000 

45.9627 

54.0373 

4 

64000 

80000 

72000 

44.7204 

55.2796 

5 

44000 

80000 

62000 

38,5093 

61.4907 

6 

60000 

56000 

58000 

36.0248 

63.9752 

7 

60000 

60000 

60000 

37.267 

62.733 

8 

80000 

44000 

62000 

69 

38.5093 

61.4907 

TABLE  A6.  INACTIVATION  Of  POLIOVIRUS  1  AT  5°C  IN  BORATE-BUFFERED  PURIFIED  WATER 
AT  pH  10.0  BY  APPROXIMATELY  0.60rl.30  M6/L  OF  FREE  CHLORINE  IN  THE 
PRESENCE  AND  ABSENCE  OF  KCL 


UST  #  I  CBLORIIB  (MC/L)  i  1.19  KCL  (MC/L)  i  7,456  COiTIOL  (PTU/ML)  i  181000 

XVITIAL  CHLORIBI  (M6/L)  t  1.5 


TIME 

SAMPLE  1 

SAMPLE  2 

AVERAGE 

SURVIVAL 

XBACTIVATZOB 

(MU.) 

(PfU/ML) 

(PTU/ML) 

(PTU/ML) 

(X) 

(X) 

.5 

E/A 

E/A 

B/A 

B/A 

B/A 

1 

104000 

104000 

104000 

57.4585 

42.5415 

1.5 

E/A 

B/A 

B/A 

B/A 

B/A 

2 

92000 

92000 

92000 

50.8287 

49.1713 

5 

100000 

120000 

110000 

60.7734 

39.2266 

10 

104000 

104000 

104000 

57.4585 

42.5415 

20 

5200 

8800 

7000 

3.8674 

96.1326 

30 

36 

52 

44 

.0243 

99.9757 

40 

52 

52 

52 

.0287 

99.9713 

50 

16 

24 

20 

.011 

99.989 

TEST  #  2  CHLOAXHI  (N6/L)  i  .6  KCL  (M6/L)  i  7,456  CORTtOL  (PTU/ML)  i  181000 

IMITIAL  CHLOliai  (M6/L)  i  1.5 


TIMR 

SAMPLE  1 

SAMPLE  2 

AVERAGE 

SURVIVAL 

IBACTIVATIOB 

Mil.) 

(PTU/ML) 

(PTU/ML) 

(PTU/ML) 

(X) 

(X) 

.5 

B/A 

B/A 

B/A 

B/A 

B/A 

1 

B/A 

B/A 

B/A 

8/A 

B/A 

1.5 

B/A 

B/A 

B/A 

B/A 

B/A 

2 

B/A 

B/A 

B/A 

B/A 

B/A 

5 

108000 

108000 

108000 

59.6685 

40.3315 

10 

108000 

108000 

108000 

59.6685 

40.3315 

20 

100000 

ICOOQO 

100000 

55.2486 

44.7514 

30 

60000 

44000 

52000 

28.7292 

71.2708 

40 

m 

4400 

7200 

5800 

3.2044 

96.7956 

TABLE  A6.  (Continued] 


TBST  #  3 

CBLOBIMB  (MC/L)  i  1.11 
XaiTIAL  CHLORIRB  (MC/L)  i 

Ka  (MC/L) 
1.5 

i  7.456 

COHTIOL  (PTU/ML)  t  107000 

TXMB 

S4MPLI  1 

SAMFL8  2 

ATBBAGB 

8U1V1VAL 

IMACTIVATXOM 

(1001.) 

(PFU/ML) 

(PTO/ML) 

(PPO/ML) 

(X) 

(X) 

.5 

88000 

88000 

88000 

82.2429 

17.7571 

1 

124000 

96000 

110000 

102.8037 

*2.8037 

1.5 

M/A 

M/A 

M/A 

M/A 

M/A 

2 

60000 

96000 

78000 

72.8971 

27.1029 

3 

60000 

48000 

54000 

50.4672 

49.5328 

10 

60000 

56000 

58000 

54.2056 

45.7944 

20 

720 

600 

660 

.6168 

99.3832 

30 

120 

120 

120 

.1121 

99.8879 

40 

40 

72 

56 

.0323 

99.9477 

SO 

28 

44 

36 

.0336 

99.9664 

nST  #  4 

CHLOKZKI  (NC/L)  i  1.3 
ZMITIAL  CHLOtlME  <M6/L)  i 

Ka  (MC/L) 
1.5 

1  0  COHTIOL 

(PFU/ML)  1  107000 

Tm 

SAMPLE  1 

SAMPLE  2 

AVSIACE 

SUITXTAL 

XMACTXV4TX0M 

(HIM.) 

(PFU/ML) 

(PFU/ML) 

(PFU/ML) 

(X) 

(X) 

10 

40000 

20000 

30000 

28.0373 

71.9627 

20 

44000 

44000 

44000 

41.1214 

58.8786 

30 

12400 

8400 

10400 

9.7196 

90.2804 

40 

960 

840 

900 

.8411 

99.1589 

50 

60 

40 

50 

.0467 

99.9533 

60 

32 

52 

42 

.0392 

99.9608 

70 

32 

44 

38 

.0355 

99.9645 

80 

28 

16 

22 

.0205 

99.9795 

90 

28 

28 

28 

.0261 

99.9739 

100 

8 

8 

8 

7.4E-03 

99.9926 

TABLE  A7.  INACTIVATION  OF  POLIOVIRUS  1  AT  5®C  IN  BORATE -BUFFERED  PURIFIED 
MATER  AT  pH  10.0  BY  APPROXIMATELY  0.65-4.21  MG/L  OF  FREE  CHLORINE 
IN  THE  PRESENCE  AND  ABSENCE  OF  KCL 


UST  #  1  CHLOmi  (MC/L)  I  .65  KCL  (MC/L)  i  7,456  COnsOl  (Pru/ML)  t  8200 

niXXAL  CHL0KI8I  (MC/L)  i  .98 


Tm 

SAMPU  1 

SiMPU  2 

AVKS4CI 

SOIVIVAL 

HACnVA! 

Ofn.) 

(PfO/ML) 

(PPO/lfL) 

(PfU/ML) 

(I) 

(X) 

.5 

3600 

4000 

3800 

46.3414 

53.6586 

1 

3600 

3200 

3400 

41.4634 

58.5366 

1.5 

4800 

1600 

3200 

39.0243 

60.9757 

2 

2400 

3200 

2800 

34.1463 

65.8537001 

5 

680 

640 

660 

8.0487 

91.9513 

10 

I/A 

l/A 

I/A 

I/A 

I/A 

20 

32 

32 

32 

.3902 

99.6098 

30 

0 

0 

0 

<  0.0001 

>  99.9999 

40 

0 

0 

0 

<  0.0001 

>  99.9999 

50 

0 

0 

0 

<  0.0001 

>  99.9999 

ji! 

'fi 


#  2 

CHLOUn  (MC/L)  t  .73 
HITZAi;.  CHLOITWI  (M6/L)  i 

KCL  (MC/L) 

.98 

t  0  oomaoL  (pfu/ml)  t  8200 

i 

THU 

SAMPUI  1 

84MPLI  2 

Avmci 

SUAVZTAL 

HAcnvATzm 

r 

(Mil.) 

(PFU/ML) 

(PFU/ML) 

(PFU/ML) 

(X) 

(X) 

1 

.5 

10000 

8400 

9200 

112.1951 

-12.1951 

p 

,  1 

11200 

8000 

9600 

117.0731 

-17.0731 

1.5 

4800 

1600 

3200 

39.0243 

60.9757 

2 

6400 

3200 

4800 

58.5365 

41.4635 

% 

5 

3200 

800 

2000 

24.3902 

75.6098 

i 

10 

l/A 

H/A 

M/A 

l/A 

l/A 

20 

2400 

2000 

2200 

26.8292 

73.1708 

30 

200 

120 

160 

1.9512 

98.0488 

'i*> 

40 

36 

60 

48 

.5853 

99.4147 

50 

16 

8 

12 

.1463 

99.8537 

I 


I 


TABLE  A7.  (Continued) 


TEST  #  3 


CBLOim  (MG/L)  I  3.9 
XnmL  CHLORIHB  (MG/L) 


I  .98 


KCL  (MG/L)  t  7.456  COmOL  (PrU/ML)  i  10500 


ma 

(MZH.) 

.5 

1 

1.5 

2 

4 

6 

8 

10 

12 

14 


8411PU  1 
(pro/ML) 

3200 

800 

800 

320 

40 

48 

4 

0 

0 

0 


8411PLI  2 
(PPU/ML) 

4000 

2800 

UOO 

360 

56 

32 

4 

0 

0 

0 


(pro/ML) 

3600 

1800 

1000 

340 

48 

40 

4 

0 

0 

0 


S02VIVAL 

(I) 

34.2857 
17.1428 
9.5238 
3.238 
.4571 
.3809 
.038 
:  0.0001 
:  0.0001 
:  0.0001 


ZXACTIVATIOH 

(Z) 

65.7143 

82.8572 

90.4762 

96.762 

99.5429 

99.6191 

99.962 

>  99.9999 

>  99.9999 

>  99.9999 


TEST  #  4 


CHLOEZIE  (MG/L)  t  4.21 
XmiAL  CHLOEIME  (MG/L)  t 


.98 


Ka  (MG/L)  I  0  COrCEOL  (PPU/ML)  t  10500 


TIME 

(Mil.) 

.5 

1 

1.5 

2 

4 

6 

8 

10 

12 

14 


SAMPLE  1 

SAMPLE  2 

AVESACE 

SOtmAL 

hactiyatioh 

(pro/ML) 

(pro/ML) 

(pro/ML) 

(Z) 

(Z) 

8800 

6400 

7600 

72.3809 

27.6191 

4400 

4000 

4200 

40 

60 

2800 

3200 

3000 

28.5714 

71.4286001 

3200 

2800 

3000 

28.5714 

71.4286001 

2000 

2400 

2200 

20.9523 

79,0477 

360 

600 

480 

4.5714 

95.4286 

280 

280 

280 

2.6666 

97.3334 

68 

84 

76 

.7238 

99.2762 

24 

28 

26 

.2476 

99.7524 

3 

4 

6 

.0571 

99.9429 

73 

TABLE  A8.  INACTIVATION  OF  POLIOVIRUS  T  AT  5®C  IN  BORATE-BUFFERED  PURIFIED 
HATER  AT  pH  10.0  BY  APPROXIMATELY  0,95-1,15  MG/L  OF  FREE  CHLORINE 
IN  THE  PRESENCE  AND  ABSENCE  OF  KCL 


TEST  #  I  CHLORHII  (IfC/L}  i  1,15  KCL  (MC/L)  i  0  COHTIOL  (PfU/ML)  s  181000 

XHTIAL  CHLOKin  (MS/L)  i  1.21 


TIXB 

(MU.) 


SAMPLE  1 
(PPU/ML) 

168000 
72000 
68000 
40000 
8400 
4000 
U60 
.  360 

116 
72 


SAMPLE  2 
(PPO/ML) 

156000 

64000 

48000 

72000 

9600 

5600 

1360 

560 

116 

72 


AVESACE 

(PPO/ML) 

162000 

68000 

58000 

56000 

9000 

4800 

1360 

560 

116 

72 


SOEVXVAL 

(X) 

89.5027 

37.569 

32.0441 

30.9392 

4.9723 

2.6519 

.7513 

.3093 

.064 

.0397 


ZBACTXVATIOM 

(X) 

10.4973 

62.431 

67.9559 

69.0608001 

95.0277 

97.3481 

99.2487 

99.6907 

99.936 

99.9603 


w 

.  .  J-'S  '.' 

\vt''  ■ 


TEST  #  2  CHLOEIHE  (MC/L)  i  .95  KCL  (M6/L)  •  7,456  CmtCIOL  (PPU/ML)  i  181000 

niTZAL  CHLOtIBE  (HO/L)  t  1.21 


TIME  SAMPLE  1  SAMPLE  2 

(MIM.)  (PPU/ML)  (PPU/ML) 


AVEIAGE 

(PPU/ML) 


SUEYIVAL 

(X) 


hactivatioii 

(X) 


40Q00 

920 


32000 

1160 

440 

360 

240 

104 

8400 

72 

60 

36 


36000 

1040 

400 

360 

260 

94 

8400 

70 

64 

46 


19.8895 

.5745 

.2209 

.1988 

.1436 

.0519 

4.6408 

.0386 

.0353 

.0254 


80.1105 

99.4255 

99.7791 

99.8012 

99.8564 

99.9481 

95.3592 

99.9614 

99.9647 

99.9746 


TABLE  8.  (Continued) 


nST  #  3  CBLOKZn  (MC/L)  i  1.13  KCL  (MS/L)  t  21  COHTKOL  (??U/ML)  i  181000 

XXITZAL  CHLOintK  (MB/L)  i  1.21 


TXMI 

SAMPU  1 

SAMPLI  2 

AVES4CI 

SUKVIVAL 

XHACTXVATIOH 

(Mil.) 

(PTO/ML) 

(PTO/ML) 

(PPO/ML) 

(1) 

(I) 

4 

28000 

44000 

36000 

19.8895 

80.1105 

8 

12800 

15600 

14200 

7.8453 

92.1547 

12 

11600 

14800 

13200 

7.2928 

92.7072 

16 

12000 

10800 

11400 

6.2983 

93.7017 

20 

6800 

9600 

8200 

4.5303 

95.469-^ 

24 

1600 

2000 

1800 

.9944 

99.0C36 

28 

1520 

1120 

1320 

.7292 

99.2708 

32 

560 

800 

680 

.3756 

99.62U 

36 

132 

56 

94 

.0519 

99.9481 

40 

108 

140 

124 

.0685 

99.9315 

TUT  #  4  CHLOUn  (MC/L)  i  1.05  KCL  (Mb/L)  t  1 ,262  CORTSOL  (FTU/ISL)  i  181000 

IHITIAL  CHL08TU  (MC/L)  i  1.21 


TIMS 

SAMPL8  1 

SAMPLE  2 

ATEIAC8 

SUEVIVAL 

ZXACTXVATKn 

(MU.) 

(PPU/ML) 

(PPU/ML) 

(PPU/ML) 

(X) 

(X) 

4 

32000 

28000 

30000 

16.5745 

83.4255 

8 

1200 

3200 

2200 

1.2154 

98.7846 

12 

240 

280 

260 

.1436 

99.8564 

16 

200 

320 

260 

.1436 

99.8564 

20 

104 

72 

88 

.0486 

99.9514 

24 

64 

44 

54 

.0298 

99.9702 

28 

64 

68 

66 

.0364 

99.9636 

32 

44 

40 

42 

.0232 

99.9768 

36 

36 

44 

40 

.022 

99.978 

40 

36 

32 

34 

.0187 

99.9813 

TABLE  A9.  INACTIVATION  OF  POLIOVIRUS  1  AT  S^C  IN  BORATE -BUFFERED  PURIFIED 
WATER  AT  pH  10,0  BY  APPROXIMATELY  4.63-4.76  MS/L  OF  FREE  CHLORINE 
IN  THE  PRESENCE  AND  ABSENCE  OF  KCL 


IP- 

':i 

"ll 

3. 

g 

•i 


TEST  #  1 

CaiOUBI  (IK/L)  t  4.75 
IMITZAL  CBLOBIMM  (M6/L)  i 

KCL  (MC/L) 

4.88 

Tzm 

SiMPLB  1 

8AMFL8  2 

AmACI 

(HIM.) 

(pro/ML) 

(PFO/ML) 

(PPO/ML) 

1 

M/A 

M/A 

M/A 

2 

92000 

124000 

108000 

4 

72000 

80000 

76000 

6 

40000 

48000 

44000 

8 

40000 

20000 

30000 

10 

8000 

28000 

18000 

12 

5200 

5600 

5400 

14 

0 

400 

200 

16 

400 

120 

260 

18 

28 

16 

22 

COBTSOL  (Vn/HL)  t  15S500 


SntVIVAL 

(X) 

M/A 

69.4533 

43.8745 

28.2958 

19.2926 

11.5755 

3.4726 

.1286 

.1672 

.0141 


ZMACnVATZCm 

(X) 

M/A 

30.5467 

51.1255 

71.7042 

80.7074 

88.4245 

96.5274 

99.8714 

99.8328 

99.9859 


•ite 

te 

If 

I  V 


TEST  #  2 

CBunm  (Mc/L) 

1  4.72 

Ka  (MC/L) 

>  21  COBTXOL  (PFO/ML)  i 

IMZTXAL  cnoun  (MC/L)  t 

4.88 

TIMB 

SiMPU  1 

8AMFLI  2 

ATSBACI 

SOIVIVAL 

XMACnVATIOH 

(MIM.) 

(PFO/ML) 

(PFO/ML) 

(PFO/ML) 

(X) 

(X) 

1 

112000 

60000 

86000 

55.3054 

44.6946 

2 

100000 

88000 

94000 

60.4501 

39.5499 

4 

52000 

28000 

4C000 

25.7234 

74.2766 

6 

452 

44000 

22226 

14.2932 

85.7068 

8 

32000 

32000 

32000 

20.5787 

79.4213 

10 

8000 

16000 

12000 

7.717 

92.283 

12 

7200 

3200 

5200 

3.344 

96.656 

14 

640 

520 

580 

.3729 

99.6271 

16 

12 

44 

28 

.018 

99.982 

IS 

4 

8 

6 

3.88-03 

99.9962 

76 

Wm 

M 


B 

te, 


APPENDIX  D 

(UST  OF  FIGURES  (pH  10.0]) 


m 
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.■‘.yt  1, 
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'A*  1 

I’W'"’" 


nuunc  HI,  niHLi  ivni  iUH  ur  ruLiuvinu;>  i  mi  d~l  u  uuKMit'-uurrtKtu 
PURIFIED  WATER  AT  pH  10,0  BY  APPROXIHATELY  0,63-0,65  «S/L  OF  FREE 
CHLORINE  IN  THE  PRESENCE  AND  ABSENCE  OF  KCL 


FIGURE  A2.  INACTIVATION  OF  POUOVIRUS  1  AT  5°C  IN  BORATE-BUFFERED 
PURIFIED  HATER  AT  pH  10.0  BY  APPROXIHATELY  0,63  H6/L  OF  FREE 
CHLORINE  IN  THE  PRESENCE  AND  ABSENCE  OF  KCL 


%  INACTIVATION 


o  o  o 


O  O  O  m  C\J 

in  Cd 


ivMAans  i 


TIME  (MINUTES) 


PURIFIED  WATER  AT  pH  10.0  BY  APPROXIMATELY  1.3 
CHLORINE  IN  THE  PRESENCE  AND  ABSENCE  OF 


TIME  (MINUTES) 


FIGURE  Alt.  INACTIVATION  OF  POLIOVIRUS  1  AT  5°r  IN  BORATE-BUFFERED 
PURIFIED  WATER  AT  pH  10.0  BY  APPROXIMATELY  5.6j-5.69  HG/L  OF  FREE 
CHLORINE  IN  THE  PRESENCE  AND  ABSENCE  OF  KCL 


TIME  (MINUTES) 


%  INACTIVATION 
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FIGURE  A5B.  INACTIVATION  OF  POLIOVIRUS  1  AT  IN  BORATE-BUFFERED 
PURIFIED  WATER  AT  pH  10,0  BY  APPROXIMATELY  0,61-0,77  M6/L  OF  FREE 
CHLORINE  IN  THE  PRESENCE  AND  ABSENCE  OF  KCL 


FIGURE  A6.  INACTIVATION  OF  POLIOVIRUS  1  AT  5%  IN  BORATE-BUFFERED 
PURIFIED  WATER  AT  pH  10.0  BY  APPROXIMATELY  0.60-1.30  M6/L  OF  FREE 
CHLORINE  IN  THE  PRESENCE  AND  ABSENCE  OF  KCL 


FIGURE  A7.  INACTIVATION  OF  POLIOVIRUS  1  AT  5®C  IN  BORATE'BUFFERED 
PURIFIED  WATER  AT  pH  10.0  BY  APPROXIMATELY  0,65-f|.21  HG/L  OF  FREE 
CHLORINE  IN  THE  PRESENCE  AND  ABSENCE  OF  KCL 


FIGURE  A8.  INACTIVATION  OF  POLIOVIRUS  1  AT  5®C  IN  BORATE-BUFFERED 
PURIFIED  WATER  AT  pH  10.0  BY  APPROXIHATELY  0,95-1.15  M6/L  OF  FREE 
CHLORINE  IN  THE  PRESENCE  AND  ABSENCE  OF  KCL 


FIGURE  A9.  INACTIVATION  OF  POLIOVIRUS  1  AT  S%  IN  BORATE-BUFFERED 
PURIFIED  WATER  AT  pH  10,0  BY  APPROXIMATELY  ^.63-i|,76  MG/L  OF  FREE 
CHLORINE  IN  THE  PRESENCE  AND  ABSENCE  OF  KCL 
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Abstract  Continued  -  Dr,  Gerald  Berg  (Univ.  of  Cincinnati) (Proj, No,  3E1-6278-7A878) 


increased  the  poliocidal  effectiveness  of  FC  by  1400X. 

At  5°C,  poliovirus  1  was  inactivated  by  FC  at  pH  9.0  more  than  9  tines 
more  rapidly  in  nonbuffered  tap  water  than  in  non-buffered  purified  water 
suggesting  that  KC1  with  or  without  other  ions  in  tap  water  potentiated  the 
virucidal  effectiveness  of  FC, 

Potassium  chloride  did  not  potentiate  the  poliocidal  effectiveness  of 
FC  at  pH  9,0  to  nearly  the  degree  in  nonbuffered  tap  water  that  it  did  in  non¬ 
buffered  purified  water  suggesting  that  ions  present  in  tap  water  potentiated 
the  virucidal  effectiveness  of  FC, 

FC  inactivated  poliovirus  1  at  pH  9.0  more  than  3  times  more  rapidly  in 
borate-buffered  (0.05M)  purified  wafer  than  in  nonbuffered  purified  water 
suggesting  that  the  buffer  ions  potentiated  the  virucidal  effectiveness  of  the 
FC.  Clearly,  disinfection  studies  should  not  be  done  in  buffers  without  first 
determining  the  virucidal  potentiating  effect  of  the  buffers. 

Potassium  chloride  potentiated  the  virucidal  effectiveness  of  FC  in  0.05  M 
borate  buffer  to  a  lesser  degree  than  in  nonbuffered  purified  water  further 
indicating  that  buffer  ions  potentiated  the  virucidal  effectiveness  of  FC  and 
that  a  maximum  ion  effect  exists,  ' 

Potassium  chloride,  at  a  level  1,  262  mg/L,  potentiated  the  virucidal 
effectiveness  of  FC  at  pH  4.5  in  phthalate-buffered  purified  water,  but  to  a 
lesser  degree  than  it  potentiated  the  virucidal  effectiveness  of  FC  at  pH  9,0 
in  borate-buffered  purified  water. 
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